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INTRODUCTION 


N De natuur is werkelijke denkbaarheid. 
BOLLAND. 
Wo das Rechnen anfängt, hört das Verste- 
hen auf. 
SCHOPENHAUER. 


In a previous paper (1921 c) I investigated how far in the material 
phenomena of mendelian heredity could be fixed, So 1 examined whe- 
ther there are phenomena of segregation, of dominance, of heredity ac- 
cording to multiple factors, a. s. o. Segregation and dominance were 
found. Also was found that there are two forms of brachycephaly 
which have a different heredity. Phenomena of selection and prepoten- 
cy were also observed (1921 c, p. 16, 41, 44.).Also in series of indices, 
one single index sometimes greatly deviates, generally in an upward 
direction, such a case often occurs in a youngest and last child &) (1921 
CPA): 

In the present paper I have been trying, availing myself of the re- 
sults of my previous researches (1917—1922), to project a mendelian 
scheme of heredity and apply it to the different families of my material. 
In drawing up this scheme the following considerations were of im- 
portance. 

In studying the heredity of the headform I often raised the question 
whether the heredity of headlength and headbreadth had to be exami- 
ned each in itself, or only of the index (1919, pp. 354, 1921 c, p. 4). 

One might think both could be done. So [ made an examination of 


1) In connection with this question, it may be observed that of children with 
mongoloid idiotism is stated: “small child, very high index and often last child’ 
_ LEWANDOWSKY, (1912). See also E. SCHLESINGER (1923) “.... unter den schwach 
begabten Kindern ist regelmässig ein grösserer Prozentsatz von Kindern, die am 
Ende einer längeren Geburtenreihe stehen; weit steht oft auch das letztgeborene 
Kind in geistiger Hinsicht hinter allen seinen Geschwistern.”’ 


Frets is 1 
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the heredity of the headlength and of the headbreadth, which I consi- 
dered as a touch-stone with respect to the polymery-theory (1920) *). 
In this examination [ accepted that the heterozygotes of headlength 


1) In this study has been investigated, whether the number of factors of here- 
dity which must be assumed for the explanation of the heredity of the headlength 
and the headbreadth in the families of the whole material, does not exceed the 
number of factors necessary for the formulae of heredity of the extreme values of 
the dimensions of head, as these are known in the anthropological literature. On 
account of different considerations it is assumed that each factor of length in 
male gives an increase of the headlength of 0.4 cm, in female of 0.38 cm. For the 
headbreadth there are assumed values which have connection with those for the 
headlength. Of all families the formulae for the heredity have been determined. 
Of special importance are those families where both parents have large, respecti- 
vely small dimensions of head. For such parents we would assume the presence, 
respectively the absence of many factors of heredity in a homozygous form. In 
case that in such families also children occur with very small, respectively very 
large dimensions of head, we must assume in their parents many factors of here- 
dity ina heterozygous form. By this we come forthe material to the assumption of 
a large number of factors of heredity. Also cases where one of the parents has a 
very large, or a very small headlength, respectively headbreadth, may give diffi- 
culties for the explanation. In these cases the dimensions of head of the children 
will not be much smaller or larger than those of the second of the parents (1920, 
p. 125). 

The investigation has taught us, that for all families the explanation of the 
heredity within the limits of the assumptions is possible. On the other hand we 
sometimes find extreme combinations in some children in one family; a similar 
coincidence the rules of probability do not admit. The heredity of the headlength 
may be explained by the effect of a dozen of equal factors. This number is still 
smaller than the extreme number, that can be calculated from the extreme 
values of the dimensions of head which are communicated in the anthropological 
literature. The material however admits of a large possibility of explanation. 
Generally speaking the result is that the size of the dimensions of head of the 
children corresponds with those of the parents (1921 b, p. 957). 

Theoretically the improbality, that the heredity of the headform is deter- 
mined by multiple factors for the headlength and the headbreadth, may appear 
from the following example. If both parents possess all (or a great many) factors 
in the heterozygous form, for the length as well as for the breadth, we can cal- 
culate for the children indices, that are in fact not met with. If we accept e. g. for 
both parents the formula 12 L1 12 Bb, among the indices of the children the 
formulae 12 LL 12 bb and 1211 12 BB may occur, they are the indices 60 and 100 
(cf. 1920, p. 126: if we accept one L-factor —= 0.4 cm, one B-factor — 0.32 cm, 
the result will be 12LL =. 17.1 + 12 x 0.4 = 21.9 cm, 12 bb = 13,3 cm, thus 
IT = 60; likewise 12 1l-= 17.1 cm, and 12 BB = 13.8 JS ler x 0.32ls IAA 
thus LOO) 
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and headbreadth are intermediate. I did so on account of my experien- 

‚ce (1920, p. 134; 1921 c, tab. 14 a, p. 47.), that the variability of the 
dimensions of head of children from parents with large dimensions of 
„head does not differ from that of children from parents with small 
dimensions of head }). 

Afterwards, examining the index, I found (1921 c) that the high in- 
dex (brachycephaly) under certain circumstances is more or less do- 
minant over the low index (dolichocephaly). So the index, although 
being a compound character, with the understanding that it is not 
measurable (1921 c‚ p. 4), is a character in which a heredity-factor 
finds its basis 2). 

This result changes the value of our examination on the headlength 
and the headbreadth (1920). If brachycephaly is dominant to dolicho- 
cephaly, the heredity of the dimensions of head cannot at the same 
time be explained by multiple factors that are intermediate in a hete- 
rozygous form (sec also 1920 ‚p. 125). 


1) As the calculation of the variability of the dimensions of head of children of 
different parental classes was not entirely satisfying, I give here a new table 
(tab. a and tab. b. p. 84, 85), in which tables the sons and the daughters have been 
kept separate and where the classes increase by 1 mm. Class 1 contains the fa- 
milies, where both parents have headlengths, respectively headbreadths O cm. 
above the average value. As such we have taken for the parents O and 0,0 and 
— 0.1 and O and + 0.1 cm. For class 2, containing the families, where the 
headlengths, respectively the headbreadths of the parents are 0. l cm. longer than 
the average value, we took for the parents 0.1 and 0.1, 0.2 and 0.1 and 0,3 and 
0.3 and — 0.1 cm. In none of the classes the difference of the dimensions of head 
of the parents has been taken larger than 0.5 cm. 

These tables of the dimensions of head are less correct than thase of the indices 
(1921 ce, p. 50), because the indices of children are soon constant (1922, p. 497), 
the dimensions of head however grow and for each age the dimensions had to be 
compared with an average of a relatively small number of observations, which 
moreover in the younger ages represent a large period of growth (one year). 

Of the new tables a and b the results are also irregular. In each case they do not 
teach us, that the variability of the children from parents with mediocrely large 
dimensions of head is larger than from parents with small or large dimensions of 
head. Nor do we learn from it that the variability of the dimensions of head of 
children from parents with large dimensions of head is larger than that of children 
_ from parents with small dimensions of head (p. 12). 

2?) Asa supplement of previous investigations 1921 a) might serve the calcula- 
tion of the heredity as correlation of the index of children and parents for bra- 
chycephalic and for dolichocephalic parents. 
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That a similar heredity of the dimensions of head cannot in all cases 
pretend dominance of brachycephaly, may appear by supposing the 
theoretical case, that of parents who are brachycephalic, respectively 
dolichocephalic, all factors for the length and for the breadth occur in 
the homozygous form. É. g. 


Father x Mother. For these dimensions we may draw up the 
Joa 205 Nie 1510 following formulae. (We found for the ave 
Bato Mee, rage headlength of male 19.3 cm. i. e. 2.2 cm 
Ind 74 83 more than the smallest dimension of head in 


our material. One factor of length gives an increase of length of 0.4 cm. 
For females and for the headbreadth corresponding figures may be 
applied, 1920): 


Eatherals 1 42243.2 Chim bormad EN OATn 
Mother" E- 0.542 == 2.5,cm, Hor 6 CE (OOGST 
BathempBr 0 32e em Horn Db. 
Mother B 08 +2 — 2.8 cm.Form:8 BB. 


In this theoretic case, the dimensions of which are exclusively com- 
posed of homozygous factors, the gametes all contain the same factors, 
and all children have the same combination of factors. viz: L —= 6 LL 
2 Lland B = 4 BB 4 Bb. The heterozygotes being intermediate, these 
formulae give for the dimensions of head of the sons L —= 19.9, B = 
15.7 (for the girls the values are somewhat smaller) and the index — 80. 
In a similar case therefore seeming dominance of brachycephaly to 
dolichocephaly by a combination of factors for the dimensions of head 
cannot present itself. 

Our investigation (1920) did not give, as has been said, insurpassible 
difficulties for the explanation. This was much promoted by the fact, 
that we had only in few families to dispose of at most three generations, 
so that we had great possibility to assume formulae and because the 
most rare combinations of factors for both parents, would not likely 
occur in our material. Therefore we could always choose the formulae, 
viz. the number of factors in homozygous and heterozygous form in 
such a manner, that the explanation was possible, Some times however 
we found some rare dimensions in one family, more times than the rules 
of possibility admit of. (1920 pp. 126, 127). 

Therefore, by applying the polymerytheory to the dimensions of 
head, it cannot be explained that from parents in whom all factors for 
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the headlength and for the head breadth in a homozygous form are 
present, all children are dominantly brachycephalic. 

That the more oval (dolichocephalic) or more round (brachycepha- 
lic) headform is a character of the head, also appears from the corre- 
lations of index and headlength, respectively headbreadth and the 
regular differences of those correlations for sex and race (1922, p. 51). 
These correlations give some idea of the mechanism by which the 
headform is brought about, 1. e, the factors of compensational growth 
and of race and sex. 

For the index we found a number of families where the indices of the 
children surpassed those of the parents upwards and downwards (1921 
c. tables II and III). With respect to the headlength and the head- 
breadth, we do not find similar families. The reason of this is, that 
children from physiological (resp. pathological) causes, are sometimes 
small-headed or big-headed and because index-differences arise in 
different ways, e. g. by larger breadth and especially smaller height 
and by larger breadth and especially smaller length (1922. p. 511). In 
families where the headsizes of parents and children differ little and 
where non-hereditary modifications are absent, instances with a direct - 
relation between indices and dimensions of head may occur. 

This result of the study on our material so far obtained, that for the 
heredity of the headform independent heredity-units for the dimen- 
sions of head cannot be accepted, but that we must resort to factors for 
the index, has also a general significance. For instance for the heredity 
of diseases. Here we must also take into consideration that examining 
the heredity of a given disease, we are not free to accept independent 
factors for the symptoms, as well as one or more factors for the disease. 
As there are e. g. Investigations on the heredity of dementia praecox, 
manisch-depressive psychose (RUDIN a. 0.) as an independent disease 
and with that also investigations on the heredity of nomadism, 
violent temper and other characteristics (DAVENPORT) which occur 
also as symptoms in the said diseases. Both methods cannot be correct 
at the same time (1923). 


CHEER 
DATA FOR A MENDELIAN SCHEME OF HEREDITY FOR THE HEADFORM 


We know that the high index is more or less dominant to the low and 
that the sum of headlength and headbreadth is hereby of importance; 
in some cases dolichocephaly is dominant to microbrachycephaly. 
There are also hereditary variations; the indices of children from pa- 
rents with high indices are also high, those of children from parents 
with low indices low (1921 c. tab. XV p. 182, tab. 15a, p. 50; 1921 b, p. 
965, 966). There is a correlation between the index of the parents and 
that of the children (19214). In general we will therefore try to explain 
the heredity of the index on the ground of the polymery-theory, so of 
multiple factors with dominance. 

Now that we assume for the explanation multiple factors with do- 
minance, the families for which we assumed prepotency and selection, 
are still of an other importance f). 

Is a high index e.g. 85 obtained by the presence of e.g. 10 multiple 
factors with dominance for brachycephaly and a low index e.g. 70 by 
the absence of these 10 factors, the mating 1OAA x 10aa — 10Aa will 
give exclusively brachycephalic offspring. In this case the children 
have about as high an index as one of the parents. Are the formulae of 
the parents SAadaa and SaasAa, the mating S5Aasaa X SaasAÂa — 
gAasAa + SaadAa + SAadaa + Saasaa will then give an offspring of 
which the children surpass the indices of the parents in either directi- 
on. Are the formulae 5AASaa and SaasAA the result of the mating will 
then be SAasAa; so all children surpass the indices of the parents in 


1) ScHREINER (1923, S. 409) has objections to the acceptance of prepotency 
for the explanation of the heredity of the indices in some families. Prepotency is 
also by R. GoLDSCHMIDT and by DAVENPORT accepted (1917, p. 873). Using the 
term prepotency, one admits that not for all phenomena of heredity a mendelian 
interpretation is possible (p. 69). 
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an upward direction. And when finally the formulae are 5Aa5Aa X 
sAasAa, among the progeny will also the formulae SaasAa, 5Aa5aa 
and Saasaa occur; so the indices of the children will then surpass those 
of the parents downwards. Moreover reversed dominance will give sur- 
passing in a downward direction. | 

We find more families where the indices of the children surpass those 
of the parents in an upward than in a downward direction. (1921c, p. 
205, 206). 

We see by assuming multiple factors with dominance and reversed 
dominance, that the surpassing of the indices of the parents by those 
of the children in an upward or downward direction, can also be explai- 
ned without the assumption of prepotency and selection. 

A corresponding example of reversed dominance, as we found for 
the cephalic index is the dominance of the hornedness in certain breeds 
of sheep, which Woop investigated. He found this character domi- 
nant in male and recessive in female individuals. DAVENPORT (1912) 
has tried to explain the results of Woop’s experiments by sex-linked 
heredity. 

STURTEVANT (1915) elucidates by means of an experiment with 
Drosophila, the difference between the different dominance in male 
and female individuals and sex-linked heredity. He had a variation 
with a slight and another with a dark thorax. From different crosses 
he deduced whether the character for a light colour would be sex- 
linked, or dominant in the males and recessive in the females. The 
following experiment is decisive then. He had a homozygous dark 
female and a homozygous light male. After the cross he got only dark 
males and dark females. So here we have sexlinked heredity. Diffe- 
rence of dominance in the male and in the female is also called sex- 
limited heredity (MORGAN). 

GEROULD (1923) describes white wing colour as a sex-limited (sex- 
controlled) variation in yellow Pierid butterflies. 

BATESON (1913), p. 256) moreover points out that phenomena of do- 
minance are zygotic. So in case of modifications in dominance or re- 
versed dominance we mist not doubt of the mendelian segregation but 
__ must think that „the peculiarity is evidently zygotic, and is caused 
either by some feature of zygotic organisation, or by the influence of 
external circumstances.’ 

As multiple factors we may assume a number of factors acting in the 
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same direction (NILSSON—EHLE), which each of them has about the 
same effect. We may however also assume factors with very different 
effect, so that for instance a very high index in one case is effective by 
only one factor for that high index, and in a second case by many 
factors. We may also assume some main factors for brachycephaly 
and dolichocephaly and in the second place asccessory segregations 
(Nebenspaltungen, NILSSON —EHLE; residual heredity, CASTLE): 

We assume many multiple factors with dominance, which most of 
them are non-identical, and, mutually differ little; they often pass into 
groups (in accordance with MORGAN’s results with Drosophila). This 
passing into groups takes, in a way, the place the of assumption of 
factors of very different values. 

Now that we assume dominant factors we should once more look 
over tab. 15a, 1921c, p. 242. Here we find a greater variation for indi- 
ces of children from parents with high and with moderately high in- 
dices than from parents with low indices. From parents with modera- 
tely high indices the variation of the indices of the children is greater. 
High indices have factors for brachycephaly in the homozygous or in 
the heterozygous form (1OAA or 10 Aa) moderately high indices have 
a smallnumber offactorsfor brachycephaly in the homozygous or in the 
heterozygous form (SAASaa or SAasaa) and low indices have a great 
number of factors for dolichocephaly in the homozygous form (10aa). 
In order to explain that the variation of the indices of children from 
parents with moderately high indices is somewhat greater than from 
parents with high indices, we may assume, that phaenotypically hete- 
rozygous brachycephalics have somewhat lower indices yet than homo- 
zygous brachycephalics. The very high indices will have many factors 
then for brachycephaly in a homozygous form and moderately high 
indices will have many factors for brachycephaly in a heterozygous 
form. 

The head of male is larger than that of female Lm —= 19.34, Lf = 
18:37, Bms=l5. 39 Bf 4 8lscmeinoursmatena ls 

The average index of female in our material is higher than that of 
male (1922, p. 492 and p. 521). We found Im —= 80.4 and If —= 81.04. 
This difference we have explained as follows: „the head of female is 
relatively shorter than that of male and the head of male is relatively 
wider than that of female; the first difference is greater than the 
second.” We also found that the variation of the index is somewhat 
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smaller in female than in male. For the present we may take these 
properties as secondary characters of the sex and thus assume that in 
each female individual an influence (factor) is active, which effectuates 
the properties in question &). Most likely we shall not be able to explain 
these peculiarities by sex-linked heredity (p. 48). 

Difference in race (1922, p. 519) is likewise most plainly explained by 
assuming that the multiple factors, constituting the heredity of the 
index of a race are not identic. Each race has its own factors, that 
differ httle. Crossing of races gives an addition of factors of a different 
race, so of factors, that differ more. The difference of the factors is a 
difference of correlation between length, breadth and height (p. 11). 
Mixture of races is addition of factors of heredity. 

According to the results of our investigations 1 (1922) and II (1921c) 
of the material we may for this third and more specially mendelian 
research, accept as rules: 

|. The index is a hereditary character of the headform (19214). 

2. There are hereditary variations of the index (19215, p. 4. tab. I; 
1921lc, p. 242 tab. 154). Therefore we accept many factors. The here- 
ditary variations behave differently; we therefore assume that the 
factors have a differently great effect by means of the passing of fac- 
tors into groups (different families, 1921c. p. 378, fig. la—9a). 

3. There is a high degree of modification (1. e. non-hereditary varia- 
tion by exterior influences, BAUR). Rachitis, lues, nourishment, youn- 
gest and last child, skaphocephaly. 

4. There is dominance of the high index to the low. There is also 
reversed dominance, with respect to the microbrachycephalic head. 

5. The negative correlation between headlength and headbreadth 
is in large heads a little smaller than in small heads (1922 p. 529). 

6. The head of female is smaller than that of male (1922. p. 495). 

7. The headindex of female is higher than that of male (1922, pp. 
511—521). / 

8. The variation of the index of male is greater than that of female 
(1922, pp. 482, 494). 

9. Perhaps there are also sex-limited heredity of the index and still 
other influences of sex on the index. 


1) The prime cause for this difference may be the greater body length of male 
than that of female (see AUERBACH, 1912). 
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_ 10. The indices of children differ little from those of he they are 
Kd higher (1922, pp. 497—506). 
‚ There are differences in race (1922 pp. S11—521). 
Ee There is prepotency and selection. 
To the influences, with which in a special case we may reckon, be- 
long the stature and perhaps the colour of the eyes. 


ANDERS RETZIUS, 1842—1860, who brought to light the great sig- 
nificance of the cephalic index as racial character, says as opposed to 
the objection that the index represents only two dimensions, that ex- 
perience teaches us that in reality the index may be taken as expres- 
sion for the headform (1917, p. 439). And in respect of the heredity he 
points out that — in order to be sure of having to do with the pure 
type — one has to choose material from the country, and when he dis- 
poses of a considerable collection of skulls, e. g. Swedish ones, he se- 
lects by a first comparative examination, a few of those that do not 
show accidental or strange properties. In these two decisions the pro- 
blem of the index as expression for the headform and of its heredity has 
already been solved, intuitively, without further analysis. 

Later investigations, of Boas, the Biometric school PEARSON and 
others, JOHANNSEN make further researches necessary. 

PEARSON writes (1911, p. 306): „It would seem unusual to pass over 
the discussion of the cephalic indices and yet it is doubtful how far 
they are really indicative for important racial differences’, and OREN- 
STEEN says (1921, p. 17). „the coefficients of correlation resulting from 
the length and the breadth of the head vary much from one race to 
another. The significance of this variability is suggestive and the writer 
accordingly undertook another investigation.” 

Also my former researches (1921, 1922) contain results in respect of 
this point. 

In drawing up a mendelian scheme, so in choosing the factors of 
heredity, these two possibilities must be taken into accomt: a. Is the 
cephalic index the representative character of the headform (a biolo-- 
gical relation), for which we may accept a factor of heredity, or b, is 
the index, a composition of characters having each of them factors of 
heredity of its own. Another possibility may be that there is a chief 
factor of the index and that also other factors influence the in- 
Gen 
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b. We have already pointed out (p. 1) that we may not accept 
the dimensions of head as independent factors of heredity. 

a. Here we will mention two possible schemes. From my former rese- 
arches (1916—1921), we know that there are families where brachy- 
cephaly is dominant to dolichocephaly, but also some families where 
dolichocephaly is dominant to brachycephaly. In connection with this 
varying dominance I have mentioned the headsize t). Confirmation of 
this opinion I found in the fact, that in the material of TOCcHER, where 
all three dimensions of head have been measured, 1 found that in small 
heads the negative correlation of L and B is greater than in large 
neads (1922, pt 929,,530, tab.-26 and’ 27). 

On the ground of these two data we are able to draw up ascheme of 
the heredity of the cephalic index. Here we meet again with two pos- 
sibilities: as for the alteration of the headform and those of the head- 
size, they may arise in two ways. 

By alteration of the index, which is brought about as alteration of 
the dimensions of the head, the headsize may at the same time be 
altered or the changes of the headsize may be independent of the al- 
teration of the index. 

If A increases the breadth, and also the length and the height in a 
somewhat less degree, the index will become higher and the headsize 
greater. The effect of A may however be such as to increase the breadth 
and decrease the length and the height by such a degree, that the 
index increases by a certain value and the headsize remains unchan- 
ged. 

We assume that the heredity of the headsize and of the headform 
take place according to the second manner, that the heredity of the 
headsize and of the headform are separated. With the heredity of 
the headsize the heterozygotes are accepted to be intermediate, with 
that of the headform there exists for the cephalic index varying domi- 
nance of brachycephaly to dolichocephaly. 

We have not investigated the heredity of the capacity of the head, 
but most likely it will be intermediate (Mac DOWELL 1914, PHILLIPS 


1) I pointed out (1922, p. 509) that I know the size of my material only in as 
much as L, + B indicates the headsize. In this examination I speak, in respect 
to my material, only of the sum of headlength and headbreadth. The headsize in 
my material I do not know, at least not ir an individual case, as the height of 
the head has not been measured. 
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1912, 1914, PHILIPTSCHENKO, 1917) &). From our investigation of the 
variability of L + B of the children from parents, L + B òf whom is 
small, mediocrely great and great, does not appear that the variability 
of parents, L + Bof whom is mediocrely great, is greatest (1921c, p. 
239). Neither did a later and more accurate investigation, in which of 
sons and daughters the variability was determined separately, yield 
any other result. There is here much non-hereditary variability. See 
also p. 73, 74. Similar investigations in respect of the polymery theory 
are still wanting. 

Now, for the heredity of the cephalic index, two schemes may be 
drawn up, as has been said. According to the first scheme we take the 
cephalic index as a character for which a factor of heredity exists and 
set out an allelomorphic pair for brachycephaly and dolichocephaly. 

As regards the factors of heredity of the first scheme, on the ground 
L. of the dominance found of brachycephaly in heads where L + Bis 
large and the recessiveness in heads where L + B is small and 2. in 
connection with the different correlations of headlength and head- 
breadth in large and in small heads we assume that pairs of factors A 
and B are present in large heads and that in small heads these are 
changed into pairs of factors C and D. The factors A and B and C and 
D are two allelomorphic pairs of factors. 

They are the same factors which have a different influence on large 
and on small heads. To point ont this difference in the formulae, we 
give to the factors in the two cases a different letter. It is necessary for 
this scheme that there are as many factors for the headsize as for the 
headform. This is very acceptable if we consider the significance of 
form and size for each other. 

The factors A are factors for macrobrachycephaly and dominant to 
the factors B for macrodolichocephaly. Each factor A makes the index 
higher and each factor B makes the index lower by 1.5 units. By the 
effect of the factor A the head grows wider, lower and shorter, but more 
lower than shorter. By the effect of the factor B the head grows larger, 
lower and narrower, but more lower than narrower (1922, p. 523—5831). 

The factors C are factors for microbrachycephaly, and recessive 


1) SCHREINER 1923. p. 398 thinks on the ground of an examination of my ma- 
terial, that to the factors or at least to some of the factors increasing the size of 
the head, some dominance must be attributed. 
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with respect to the factors D for microdolichocephaly. Each factor C 
makes the index higher, each factor D makes the index lower by 2 
units. By the effect of the factor C the head grows wider, shorter and 
lower, but more shorter than lower. By the effect of the factor D the 
head grows longer, narrower and lower, but more narrower than lower 
(1922, p. 528). As the factors C and D make the head wider and espe- 
cially shorter, respectively longer and especially narrower, while the 
factors A and B make it wider and especially lower respectively longer 
and especially lower it is obvious that the change of the length-breadth 
index by the factors C and D is greater than by the factors A and B. 

We accept that the factors are not indentical (p. 8), but differ little. 
For the sake of simplicity in drawing up the formulas we adopt them 
to have an equal effect. 

The effect of the pairs of factors A and B occurs in large, that of the 
pairs of factors C and Din small heads so the unions of factors A and B 
co-operate with unions of factors I and I that make the head larger 
and the unions of factors C and D with i1’s that make the head smaller. 
This adoption is, as has already been said, based on the experience that 
macrobrachycephalyis dominant to macrodolicho-cephaly,while micro- 
brachycephaly is recessive with respect to microdolichocephaly and 
on the fact that in large heads the correlation of L and Bis greater (less 
strong negative) than in small heads. Likewise in accordance with our 
adoption is, that of a given population large heads have the same indi- 
ces as small heads. There is no sensible correlation between index and 
capacity (1922, p. 528) *). Large heads are especially composed of A 
and B factors, small heads especially of C and D factors, high and 
low indices occur equally on either basis. (p. 000). The index 1.e. the 
headform maintains itself in small heads in a somewhat different way 
as in large heads (1922, p. 529). This appears from the correlations. In 
other races again other correlations are found (1922, p. 511). 


Helmdachwetind mips eh Inn OSOANd I= — 00239. Formerly 
1921 c.p. 248, we found that the heads with high indices are on an average so- 
mewhat smaller than those with low indices; for the male (L + B), = 34.67 
and (L + B); = 34.87 cm, for the female 33.01 and 33.14 cm. These results 
agree. It is possible, that L + B of heads with high indices and of those with low 
indices are not quite in the same way a standard for the headsize (p. 18). We 
found (1922, p. 499) the index of children a little higher than that of adults. So 
did BRyN (1920, p. 199). 
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As the average index of female is greater than that of male we can 
accept for the present, as has been said (p. 9), that as a secondary 
character of sex there is an influence that makes the index of the 
female (so each term in the formula) a little higher than that of the 
male (p. 48). In drawing up the formulae we have thought it sufficient 
to diminish the indices by the difference of the average index of male 
and of female. (p. 29). fj 

We adopt a great number, nineteen, multiple factors for the heredity 
of the index. This number is arbitrary, but we choose it because the 
indices and the dimensions of head of a good deal of the material have 
a relatively small range of variation : So, for instance, of half the mate- 
rial the indices lie between 82 and 78 (GALTON’s quartils 1922, p. 482), 
while the range of the whole material amounts to 95—65 thus 30 units. 

To make a similar altered effect of factors A and B, and C and D, 
clear to ourselves, is not easy. It is a phenomenon in the zygote 
(p. 7), but we do not know, what dominance is. The factors for the 
headsize being intermediate we will accept that the change of effect of 
A and B into C and Dis brought about when these factors come toge- 
ther in a zygote with Ir and with Ii. Then is attained, that there are 
in the formulas more A, resp. B terms than C, resp. D terms. 

The application of this first scheme takes place in the following way: 

In our material we know only L and B, so for the determination of 
the headsize we can only avail ourselves of these dimensions (p. 11). 
We begin by drawing up the formula for the headsize. By means of the 
headsizes of the children and those of the parents ( and if we know 
them also of those of the grandparents and brothers and sisters of the 
parents) we draw up a formula and determine in this way the numner 
of II's, W’s and ii’s, for the headsizes. The number of II's and lis in 
each headzise indicates the number of A, respectively B factors, the 
number of i1’s the number of C, respectively D factors. The formula for 
the indices we determine by means of the indices of the parents and 
children ® (p. 30). So in this hypothesis it is obvious that reversed 
dominance is a phenomenon in the zygote. It is also dependent on 


1) In some cases we make a correction. When there are in the formula 3 CC's 
more than DD (or CD)'s, these 3 CC make the index 3 Xx (2— 1.5) = 1.5 index 
units higher than when 3 AA were present. In such a case we choose in the for- 
mula 1 AA less than the number that tab. h indicates. When there are 3 DD's 
more than BB's we choose 1 BB less than the number in tab. h. 
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modification. When a II term is modified during growth and remains 
for instance very small, than this will have its influence on the index 
AA will approach to. CC, Ab to CD. 

We shall give examples in the next chapter of this paper. There are 
however objections to this scheme, and these objections lead us to a 
2nd scheme. The scheme dealt with just now, is based on the assump- 
tion that the index is a simple character, the characteristic property 
for the headform. The study on the cephalic index however leads to 
an analysis of the head index. We have already cited the uncertain 
point of view of PEARSON (p. 10). As a result of the study on the corre- 
lation of the dimensions of head and of the study of the heredity of the 
index, the following second scheme may be drawn up. 

Of a pair of factors A and a, factor A increases the headbreadth by a 
certain amount, and decreases the headlength and height by smaller 
amounts; factor a decreases the headbreadth by the same amount, and. 
increases the headlength and height by smaller amounts. 

Of a pair of factors B and b, factor B increass e the headlength by a 
certain amount and decreases the headbreadth and height by smaller 
amounts; factor b decreases the headlength by the same amount and 
increases the headbreadth and height by smaller amounts. 

Of a pair of factors C and c, factor C increases the height by a certain 
amount and decreases the length and height by smaller amounts; fac- 
tor c decreases the headheight by the same amount and increases the 
length and, the breadth by smaller amounts. 

It is possible that the effect of the pairs of factors in large heads is 
somewhat different from that in small heads. In this case there are 
still factors A, and a,, B, and b,, C, and c‚. 

The factors are non-identical. The number of factors A and a, B and 
b, C and c will be different. The total number of pairs of factors A and 
a, B and b, c and C, we accept to be as large as the number of factors 
for the headsize. 

The advantages of this scheme consist of its being complete and its 
answering to the requirements of the presence-absence theory. Besides 
the length-breadth index, there occur also in this scheme the length- 
height index and the breadth-height index. Each factor has a chief ef- 
fect on one index and secondary effects on the two other indices. In 
general this has been represented in tab. c and for special but arbitrary 
values in tab. d. 
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Lac 
Factors Breadth. | Length. | Height. er index.|HL index.|HB index. 
Bb Ten een et | en 
8 a | Et le [+ Et + 
OB: a ne ten tenten Ken 
zi td tt [+ ++ 
dl Je tt + ++ 
ce |+ EN etn Kn ie 
AL [dt | Ed | + —— 
sl Tale ee mk ea 
El Bt |—— + |— el |+ 
5 blind et mii gn Gre tr oe 
sd CLS ae Bree st oe 
ne Ge een ae et en 
Tab. d. 
The chiëf seftechot 
B. Ër | B: Index. factor A consists in 
its increasing the 
A JE EEK <95 | 442 length-breadth inden 
a ESE hj >= 4-25 | — 2 Of ainvitstdectedsmg 
B EIND ll 5 BUIS dE 
b EES ed > +25| + 2.5 brachycephaly and is 
G es NEE) ES 1 dominant to a, giving 
C a ED ERS ej dolichocephalvammhag 


minant to the absence-factor. 

The chief effect of B consists in its decreasing the length-breadth 
index, of b in its increasing this index. B gives dolichocephaly and is 
dominant to b ‚giving brachycephaly. The presence-factor is dominant 
to the absence-factor. 

Asecondary effect of Cis, that thelength-breadthindexincreases, of 
c that this index decreases. C gives as secondary effect brachycephaly, 
of which is to be investigated whether it is dominant to c yielding doli- 
chocephaly. Then the presence-factor is dominant to the absence- 


factor. 


presence-factor is do- 
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As already has been said, this second scheme is of importance 
because it is complete and has been drawn up as a pure mendelian 
scheme. It is obvious that factor a decreases the index by the same 
amount as by which A increases the index; a is the absence of A. Like- 
wise B and b, C and c. 

This is not so clear in our first scheme. In our first scheme it must 
be accepted emphatically that A, which increases the index by a cer- 
tain value, so that the breadth becomes greater, and the length and 
especially the height smaller, has as great an effect as B, which de- 
creases the index, so that the length becomes greater and the breadth 
and especially the height smaller. 

As in my material only L and B have been measured, the second 
scheme cannot be applied to it. Yet we can test it, In a way, to our ma- 
terial. 

According to the 2nd scheme (tab. d) the factor A for brachycephaly 
in the dominant form, will increase the sum of length and breadth in 
our assumption, by 2.5 mm. The factor b giving also brachycephaly, 
but in the recessive form, will decrease the sum of L and B in our 
scheme, by 2.5 mm. So A increases L + B, b decreases L + B. In this 
sense we may call A a factor for macrobrachycephaly and b a factor 
for microbrachycephaly. Likewise factor B for dolichocephaly in the 
dominant form increases L + B by 2.5 mm. and a for dolichocephaly 
in the recessive form decreases L + B by 2.5 mm. So B may be called a 
factor for macrodolichocephaly and a a factor for microdolichocephaly. 
In this scheme A is dominant to a, so macrobrachycephaly dominant to 
microdolichocephaly. Likewise B dominant to b, so macrodolichoce- 
phaly to microbrachycephaly. 

The factor C which, as secondary effect, increases the length-breadth 
index and so is a factor for brachycephaly in the dominant form as we 
assume, decreases the sum of L and B by 3 mm. 

The factor c as secondary effect decreases the length-breadth index, 
and so is a factor for dolichocephaly, increases L + B by 3 mm. We 
expect C as presence-factor to be dominant to c. Then as secondary ef- 
fect of C and c, microbrachycephaly is dominant to macrodolichoce- 
phaly. There is nothing contradictory to this, for in respect of the 
length and the breadth, Cis a repression-factor. 

What may attract us in the second scheme is, that the alterations of 
the indices arise in two ways. As an effect of the macro-factor (A) bra- 


Frets 2 
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chycephaly arises by increasing of the breadth, as an effect of the mi- 
cro-factor (b) brachycephaly arises by decreasing of the length. Like- 
wise dolichocephaly exists in two ways, by B and by a. 

Also in other processes results are obtained in two ways. E.g. the 
N. vagus acts on the heart as inhibitor, the N. sympathicus as accele- 
rans. An increase of the frequency of the pulse takes place by paralysis 
of the n. vagus and by excitation of the n. accelerans. 

As the headform is an important property, it is an advantage of the 
2nd scheme that alterations in the indices arise in two ways. 

The application of the 2 nd. scheme must be put off till material will 
be collected of family investigations in which the length, the breadth 
and the height have been measured. The formula for the index will be 
determined then in connection with the headsize. 

The value of each dimension is determined by the headsize and by 
the headform. Of large heads all dimensions will be large. The diffe- 
rent headforms cause a change in the mutual proportions of the dimen- 
_sions. So the values of the dimensions are in the first place determined _ 
by the factors 1 and 1 for the headsize, only in the 2 nd place by the 
factors A and a, B and b, C and c,‚ which are factors for the head- 
form. 

The way to follow will probably be a reduction of the headsize to a 
mean, a normalized headsize. The dimensions of head of normalized 
headsizes are mutually comparable in respect of the presence of the 
number of A, B and C, resp. a, b and c, factors. 

As our material contains only the length and the breadth of the di- 
mensions of head we shall keep ourselves from trying the further appli- 
cation of the 2nd scheme. However we are able to indicate in our ma- 
terial the effect of the second scheme. 

The factor A, as has already been said, increases L + B, and so does 
the factor B. In cases where L + Bis great, there is therefore the pro- 
bability that brachycephaly is especially caused by the factor A, and 
dolichocephaly by the factor B. We do not know it for certain because 
we have not normalized the headsize. Likewise we will accept the fac- 
tor b for brachycephaly and a for dolichocephaly, especially when 
L + B is small. 

Further if in a series of children, all being brachycephalic, of one of 
the children, though having also a high index, the headlength is sud- 
denly found to be much smaller than that of the other children, we will 
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think here brachycephaly to be caused by bb, so e.g. arisen from the 
segregation Bb x Bb in the parents. 

Also in the mutual comparison of the breadths there may be found. 
indications for the factors of the headform, which in the first place 
change the breadth. As we do not know the headsize, we cannot draw 
up the complete formulas. 

According to both schemes the sum of the headlength and the head- 
breadth is of importance. According to the first scheme L + B is an 
indication for us of the headsize and so of the presence of the factors A 
and B, C and D, according to the 2nd scheme L + B gives us an indi- 
cation for the presence of the factors A and B, respectively a and b. 

Also in the 2nd scheme we may take account of the influence of the 
headsize on the index as we have accepted according to the Ist scheme 
(pl 2)e 

While thesecond scheme as mendeltan scheme will satisfy more than 
the first, yet it has some properties to which our material does not 
answer. s 

The factor A is a factor of dominance for the headkreadth, gives 
brachycephaly and increases L + B, the factor B is a factor of domt- 
nance for the headlength and for dolichocephaly and also increases 
PlB 

Likewise the factors a and b are factors of recessiveness for dolicho- 
cephaly and brachycephaly. (We have not examined the factors C 
and c). 

Now we find in our material (1921c, tab. 15a, p. 242) more families 
with dominance of brachycephaly than with recessiveness of it and the 
variability of children from parents with brachycephalic indices we 
find greater than that of children from parents with dolichocephalic in- 
dices. 

If this difference is of significance, and that is my opinion, we must 
therefore accept that, if the heredity of the index acts according to the 
2nd scheme, there occur more A and a than B and b factors. It is of 
importance in this respect that the stray communications on the here- 
dity of the cephalic index always contain that brachycephaly is domi- 
nant to dolichocephaly. 

So we must accept that the factors A and a occur more frequently 
than the factors B and b. Therefore brachycephaly is oftener caused 
by AA and Aa than by bb and dolichocephaly oftener by aa than by 
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BB and Bb. Under these circumstances the variability of the indices of 
children from parents with brachycephalic indices will be greater than 
of children from parents with dolichocephalic indices and cases of do- 
minance of dolichocephaly to brachycephaly (BB to bb) seldom occur 
then. 

If we accept that the factors A and a occur oftener than the factors 
B and b (we have no data about C and c), we would expect, as A in- 
fluences the breadth more strongly than the length, that the variabili- 
ty of the headbreadth would be greater than of the headlength. This, 
indeed, TSCHEPOURKOWSKY (1905, p. 290) mentions. He writes that 
the varieties of the human headform are mostly owing to the variation 
of the breadth. In my material (1922, p. 495), both in males and fema- 
les, the standard deviation of the length is greater than that of the 
breadth, the coefficient of the variation is in males and females some- 
what smaller for the length than for the breadth. 


For further knowledge of the index and its heredity, material for 
family-investigations, in which all 3 dimensions of head are determined 
must be waited for. 

The two schemes are much in accordance in respect of their applica- 
tion. The factors A and B of the first scheme agree with A and a of the 
2nd scheme, and in a way also C and D of the first scheme with B and- 
b of the 2nd scheme. Also of the factors C and D (1. scheme) the de- 
crease, respectively increase of the length is greater than of the factors 
A and B (1 scheme), as is the case with the factors b and B (2nd sche- 
me) and a and A (2nd scheme). Where we introduce the factor C, we 
also express in the formula, as has been said, that the headlength is 
small in this case, accepting that each factor C increases the index with 
2 units (p. 12,13). In the 2nd scheme, however, these differences are 
expressed better. 


CHAPTERS II 
CLASSIFICATION 


In order to render it accessible to our research in the best way, we 
have grouped the material in tables, so that, in as much as this is possi- 
ble, we have in each table to do with corresponding cases. Of the diffe- 
rent cases of each table we can take into consideration the peculiarities 
and define whether it is really a simple case. 

As there are many difficulties connected with the investigation of the 
headform (1919, p. 351 —353) still working in this way, each table, 
even though it contains some more deviating cases, will show us some 
simple instances. 

So with a view to the phenomenon of dominance we wish to form 
groups in which both parents have high, respectively low indices and a 
group in which one of the parents has a high and the other a low index. 

We discriminate brachycephalic Xx brachycephalic, dolichocephalic 
X dolichocephalic and brachycephalic x dolichcephalic. As there are 
hereditary variations of the index, we have, properly speaking to do 
with differently high indices as soon as the indices differ the value of a 
heredity factor (i.e. 1.5 index-units). In order to take this fact into 
consideration, we examine in each family of a table, whether it exactly 
answers to the definition of the table. 

For this third treatment of the material we have grouped it accor- 
ding to index, to the value of L + B and to sex, and so we obtain the 
tables: macrobrachy - X macrobrachycephalic, macrobrachy- Xx mi- 
crobrachycephalic, microbrachy- X macrobrachycephalic, a.s.o. ). 
On each table are first ranged the cases which entirely answer to the 
definition, starting from the highest value of L + B of the mother. 


1) With crossings the mother, as customary, is mentioned in the first place. 
On the other hand, it 1s true, in the columns of the tables the father has been 
placed before the mother. 
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Then the cases follow for which the definition cannot be applied to 
L + B, after that follow those for which the definition is not applica- 
ble to the index. For the mean value of L + B we have taken the ave- 
rage headlength and the average headbreadth of our material. (1922, 
p: 495 1.e. for the male L — 19.34, B 15:390L + B = 34/3 0f 4 bant 
for thesfernale ‚== 18,37 Be MA8 nbs SS GOTS SAN 
know that L + Bis only an indication for the headsize (1922, p. 506); 
cf. also Bork (1920). 

In this examination we call heads to be of the same size and indices 
of the same value, if L + B do not differ more than 0.5 cm. and indices 
not more than 1.5 index-units (p. 12 and 87). 

In the tables 1 —74 the index of the female has not been reduced. So 
the tables in which the mother is brachycephalic, contain families 
which by introducing the reduced index of the mother should have to 
be transported to other tables. 

The material consists of 405 families with 772 sons and 878 daugh- 
ters 690 chen 

I. Both parents have large heads. 19 tables (1—19) 151 families, 261 
sons and 332 daughters —= 593 children. 

IT. Both parents have small heads. 16 tables (20—35) 82 families, 
163 sons and 188 daughters — 351 children. 

That the number of families where both parents have small heads, 
is so much smaller than the number of families, where both parents 
have large heads, is partly due to the fact that we have taken the ave- 
rage value for the sum, of headlength and headbreadth for the male as 
well as for the female somewhat too small. We found for the male 
(1922, p. 495) L + B = 19.34 + 15.4 = 34.74 and for the female 
18.36 + 14.8 —= 33.16 and we have taken 19.3 + 15.3 = 34.6 and 
18.3 + 14.8 = 33.1. 

III. One of the parents has a large head, the other a small head. 
39 tables (36—74) 172 families, 348 sons and 358 daughters — 706 
children. 

So there are 233 families where both parents have large, respectively 


t) The whole material (1922, I, 1921 c, II) consists of about 3600 observations. 
In this number are also included the incomplete families. There is a casual 
reason that there are more daughters than sons in this material. Among the 
visitors of the asylum are more daughters than sons and calling at the fami- 
lies'homes, we will sooner meet with daughters than with sons. 
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small heads and 172 families where one of the parents has a large head 
and the other a small head. So with respect to the headsize (which 
bears relation to the length of the body), our material also confirms the 
rule that there is a preference for the assortative mating. (PEARSON, 
DAVENPORT). 

We get the following 


Sub-Classification 


I. 1. The parents are brachycephalic and dolichocephalic or the 
contrary. 10 tables (1—10) 76 families, 133 sons and 178 daughters —= 
311 children. 

a. The mother is brachycephalic and the father dolichocephalic. 
9 tables (1 —5) 45 families, 81 sons and 109 daughters — 190 children. 
We do not publish these tables, but only give a list of the families, that 
each table contain. The families may be found in my publication Here- 
dity of Headform in Man, 192lc p. 66 (258) —175 (367) and in the 
addenda of this paper. 

Tab. 1, Fam. 167, 226, 243, 216k, 182b, 304, 1 ofer Psst deed, 2 
Bam. 36b, 378, 3241, 245a; 88, 277, 232b; 16c, 198. Tab. 3, Fam. 182d, 
16a, 82c, 68, 182e, 22, 1771, 34b. Tab. 4, 271a, 323, 53b, 23, 32f, 380a, 
oem IaM PSS Zens66r Tab. oFam. 216q,288,,216p, 16; 362, 
PAOND Zaan kKO/T 33 7A 

b. The mother is dolichocephalic and the father brachycephalic. 5 
tables (6—10) 31 families 52 sons and 69 daughters — 121 children. 
ARORA GOSNZOLAnr dll An sd270242. Tabs /s fam: 380d, 84a, 
3664, 302, 335a, 177 p.Tab. 8, fam. 257, 177e, 22b, 245, 378b, 350, 
Sedhesshenvosntab.ortams380buZl,el3 32440377, 2167. Tab: EO, 
fam. 160, 298b, 240e, 286c, 216c, 367a, 298a. 

I. 2, Both parents are brachycephalic, resp. dolichocephalic. 9 ta- 
les (11—19) 75 families, 128 sons and 154 daughters — 282 children. 

c. Both parents are brachycephalic. 4 tables (11 —14) 47 families, 78 
sons and 91 daughters — 169 children. Tab. 11, fam. 67, 3f, 22a, 3n, 
PAD Mme rd 7de mi een VOaml Zsa labrl2 fame 217,2177d; 
324d, 152e, 3a, 62, 3p, 165, 18b, 234, 354, 203a. Tab. 13, fam. 177dd, 
177cc, 177, 177b, 175, 82, 348, 378a, 248, 320, 95, 22dd, 177f. Tab. 14, 
famss2enod, SaAnd7obs28NI82ENIDKISlansZoR9D. 

d. Both parents are dolichocephalic. 5 tables (15—19) 28 families, 
50 sons and 63 daughters —= 113 children. Tab. 15, fam. 182aa, 34, 
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322a; 2164, 190a,78,2364,"205;"249) 322310 nabi names de 
344, 366bir64art2ins5t ton 182 Dablam 20 in ZEN 
Tab.»l8 Fam 30lno2amtTabmlioskamesdeedns mA: 

We see, that the group TI, 1 and I, 2 have about the same numbers of 
families. 

II. 3. The parents are dolichocephalic and brachycephalic or the 
contrary. 9 tables (20—28) 39 families, 81 sons and 80 daughters —= 
161 children. 

e. The mother is dolichocephalic and the father brachycephalic. 5 
tables (20—24) 12 families, 25 sons and 25 daughters — 50 children. 
Tab.-20, fam. 2694, 2564, 397 909, 63aTabs2ietamsss dbm mn 
fam. 233, 216dsTabn2ontarselabs24tamnse20n0 Dae an 

f. The mother is brachycephalic and the father dolichocephalic. 
4 tables (25—28) 27 families, 56 sons and 55 daughters = 111 children. 
Tab: 25, far. 88arl7cr356cr 317beerssIenl SORT aDE ZONA MEN 
64, 380h, 356a, 327c, Tab: 27, fam.-47, 1054, 2874, 327271 6 Sn 
331. Tab. 28, fam. 1820143019 2712 LS rSO LDS EO LN 

II. 4. The parents are both dolichocephalic, respectively both bra- 
chycephalic. 7 tables (29—35) 43 families, 82 sons and 108 daughters 
— 190 Childrens 

g. Both parents are dolichocephalic. 3 tables (29— 31) 20 families, 36 
sons and 49 daughters —= 85 children. Tab. 29, fam. 3s, 72b, 164, 319c, 
271d, 86, 269: Tab. 30, fam;i4 la, S24ACHS2IS2ECPST ARIA TOON 
famnslo20NISs OCH INSAS: 

h. Both parents are brachycephalic. 4 tables (32—35) 23 families, 
46 sons and 59 daughters —= 105 children. Tab. 32, fam. 113, 27a, 331a, 
173,-124. Tab. 33, fam. 55,-84b, 1794» 190b, 85a288a5 nl ZCRSCHIEIEN 
34, fam. 30a, 327a, o/C». 281, 87d7 3d: TabeSS fame SAI Ln 
258. 

Here the number of families of the group II, 3 is a little smaller than 
thatrofLIM4: 

III. 5. The parents are brachycephalic and dolichocephalic or the 
contrary. 24 tables (36—59) 91 families, 198 sons and 200 daughters = 
398 children. 

1. The mother is macrobrachycephalic and the father microdoli- 
chocephalic. 7 tables (36—42) 32 families, 67 sons and 73 daughters — 
140 children. Tab. 36,-fam. 216h, 288, 182a, 256b. Tab. 37, fam. 29, 
334, 32e; 63; 3284, 17b, 303; 152a% Tab. 38 tam 355 Beb RLR 
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fam. 82d. Tab. 40, fam. 324g, 85, 197a, 284, 153, 36a, 204. Tab. 41, fam. 
285, 73,3, 188. 

j. The mother is microdolichocephalic and the father macrobra- 
chycephalic. 6 tables (43—48) 20 families. 46 sons and 37 daughters —= 
83 children. Tab. 43, Fam. 89, 324b, 292c. Tab. 44, fam. 363, 176, 44, 
ROAN zO rm Labiedo nktarnans0mabm40ms/Omi4Ze Tabe475fam: 
Soc dez0oanddenzl7antabsdetams288br245bel302342. 

k. The mother is macrodolichocephalic and the father microbrachy- 
cephalic. 4 tables (49—52) 7 families, 12 sons and 19 daughters — 31 
ehldrensbabs4ostanmsebssZoenrlabroOstamsi80sl/9de Fabsshifam: 
veAn2d4rlabso2rtanr 1 /3arlOD. 

Ll. The mother is microbrachycephalic and the father macrodolicho- 
cephalic. 7 tables (53—59) 32 families, 73 sons and 71 daughters = 144 
Children =labwo3tam.S3/n2l6er20ndab. 54 fam. 147b, 109,1347Db, 
Blans IMlormloónlapsdo damslZonlop. Lab. o6fam:57d 341, 
DAome Do Ztls Sb ROZE St Obme2Oomtóbr286br tab 58 fam. 
380g, 179e, 17, 328b, 356. Tab. 59, fam. 269c, 216i, 237, 366c, 379c, 
oder da: 

III. 6. Both parents are brachycephalic, respectibely both are doli- 
chocephalic. 15 tables (60—74) 81 families, 150 sons and 158 daughters 
— 308 children. 

m. The mother is macrobrachycephalic, the father microbrachy- 
cephalic. 3 tables (60—62) 23 families, 60 sons and 46 daughters —= 106 
ehitdrenmlaboOMfanmsl nt SrSo2Ta2dkelab6 hk far. 1929291 104, 
DOMA OONGeOL ano 2 tam s2bDr209R369 oa, 13ZR82D, LI 
LSN225 286241 ZN. 

n. The mother is microbrachycephalic, the father macrobrachy- 
cephalic. 4 tables (63—66) 23 families, 32 sons and 43 daughters = 75 
children. Tab. 63, fam. 84, 128, 216s, 42a, 197b, 215a. Tab. 64, fam. 
Skro7deSm ml ZSCH29bar s2denlabr65sfam. 364-2993410. Tab. 66; 
tems 8Zoel/Sb93a 3/9arro6 1/9en ko2er 124: 33e: 

o. The mother is macrodolichocephalic, the father microdolicho- 
cephalic. 5 tables (67—71) 19 families, 39 sons and 38 daughters = 77 
ehildrensbabsó7tammi/sddesdan/ebse0osalet=80arZlar335dTab. 
Ge Mtames 2 40AR De RHaprorntamns 292amltoamlbabi70 fam. 22e, 194; 
See nl Oama2 df Rabe Intam s203 Noel. 

pb. The mother is microdolichocephalic, the father macrodolicho- 
cephalic. 3 tables (72—74) 16 families, 19 sons and 31 daughters = 50 
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children. Tab. 72, fam. 34d, 335b, 240. Tab. 73, fam. 298, 48, 269b, 
240a, 380c, 380j, 2161, 313, 292b, 374. Tab. 74, fam. 80, 216g» 171b, 
349a, 144. 

We see that in group III, III 5 contains more tamilies than III 6. 

In group I the paragraphs a and b, thus 76 families have different 
headforms, the same headforms have the paragraphs c and d thus 75 
families. In group II these figures are 39 and 43 and in group III 91 and 
81. Altogether we have in our material 206 families where the parents 
have different headforms and 199 families where the parents have the 
same headforms. 


Lam 
Group Group I Large Headsize | Group II Small Headsize 
Sex Mothers Fathers | Mothers | Fathers 
’ NE EET 
S 5 een Behe echec 
5 Ë 5 5 E 5 5 Eee 
z s en a = = A js 
N 45 45 12 12 
47 47 20 20 
31 31 2 27 
28 28 23 23 
Total 2 29 78 73 50 35 47 


PercenenmGl 39 51.7 | 48.3 


As to the headsize, the matings yielded a preference for equal head- 
sizes, this preference is however not found for the index. 

As to the appearance of the brachycephalic and the dolichocephalic 
headform in the mothers and the fathers, we see from table f, that 
under group Ll, out of 151 families, 92 mothers and 78 fathers are bra- 
chycephalic; whilst 59 mothers and 73 fathers are dolichocephalic. 
Among the mothers are more brachycephalic indices than among the 
fathers. This difference may thus be explained, that for the mothers we 
have not introduced the reduced index. Also among the fathers there 
are some more brachycephalic than dolichocephalic indices. (The diffe- 
rence is slight; the average index of males is 80.4, of adult males 79.6; 
1922, p. 483). Under group II we see that the mothers have the same 
figures of percentage for the brachycephalic and dolichocephalic indi- 
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ces; among the fathers however there is a considerably smaller number 
of brachcephalic than of dolichocephalic indices. 

From tab. g we see, that in group III there are 81 mothers with large 
heads and 91 with small heads, on the other hand 81 fathers with small 
heads and 91 with large heads. That we do not meet equal numbers 
here, depends on our taking the sum of the average headlength and 
headbreadth for the male (34.6) somewhat more too small yet (34.73) 
than for the female (31.1 and 33.18). (p. 86). 

As for the proportion of the brachycephalic and dolichocephalic in- 
dices in group III we see that of the large headsized as well as of the 
small headsized the mothers yield considerably more brachycephalic 
than dolichocephalic indices. The figures agree with those of group II 
and of group 1, tab. f. For the fathers we find under the small headsized 
the figures 37 % and 63 %, which do not deviate much from those of 
group II, which are 40 % and 60 %. For the large headsized we find 
figures, which deviate somewhat more from those of group I. 


Tab. g. 


Group Group III Large Headsize | Group [II Small Head-size 
Sex Mothers | Fathers Mothers | Fathers 
@) ®) @) o S) ®) &) ®) 
5 Z E 5 E Z E Ei E 
rg Q 5 9 ES 9 2 Q 5 
NE ER TRES 
N GS €) 
20 20 
7 7 
52 32 
DE 28 
25 AS) 
19 19 
16 16 
Total En) 26 43 48 55 36 30 51 
D5 68 SZ 41.8 ON IGO Am 39.6 OZ 69 


So there appears from tab. f and g,‚ that among the mothers there are 
more brachycephalic than dolichocephalic indices; the proportion is for 
mothers with large heads about the same as for mothers with small 
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heads. From tab. fand git appears that fo the fathers with large heads, 
there are almost as many hrachycephalic as dolichocephalic indices. 
Of the fathers with small heads the number of brachycephalic indices 
is much smaller than the number of dolichocephalic indices. 

That among the mothers there are more brachycephalic than doli- 
chocephalic indices is in accordance with the fact, that the average in- 
dex of the mothers is greater than 80, being the limit of brachycephalic 
and dolichocephalic indices. That the average index of female is greater 
than that of male is due or partly due to a different correlation of 
length, breadth and height in male and in female (p. 8, p. 55). 

That of the fathers with small heads, in tab. fas well as in tab. g the 
number of brachycephalic indices is smaller than the number of doli- 
chocephalic indices, may result from the fact that we have found for 
the small head recessiveness of brachycephaly. It is remarkable that 
with the mothers the proportion of brachycephalic and dolichocephalic 
indices for large and small heads is about the same (p. 48), that here 
the influence of recessiveness of microbrachycephaly does not present 
itself. 

Of 593 children in group l are 44 % sons and 56 % daughters; of 351 
children in group II 46.4 % sons and 53.6 % daughters and in group 
III of 706 children 49.3 % sons and 50.7 % daughters. The whole 
material (p. 22) contains 46.8 % sons. 


CHAB DERKS 
THE DIFFERENT MATINGS 


Of the tab. 1—74 (p. 17) the formulae of many families have been 
drawn up according to the first scheme. Different families have also 
been compared with the requirements of the 2nd scheme. For the pre- 
sent we omit the publication of the description of the different families. 
For all families it is possible to draw up formulas. The two schemes 
lead to corresponding results here. 

Looking over the 74 tables will give us an impression of the signifi- 
cance of our classification. We see the brachycephalic families, the doli- 
chocephalic families, the dominance of brachycephaly, the recessive- 
ness of brachycephaly, the difference between a crossing and the reci- 
procal crossing. 

For each table we have determined the mean index and the mean 
value of L + B of the fathers and of the mothers. The comparison 
taught us the significance of the heredity of the variations of index and 
headsize. 

According to the first scheme of some families of each table complete 
formulas have been set out. Of each family for which the formula has 
been drawn up the number of times that each crossing (AA Xx AA, 
CC x CC, BB x BB, AA Xx BB, a.s.o.) occured, has been noted down. 
In this way we could state for each table whether the crossing that is 
characteristic for a table, is indeed a relatively frequent occurence. Li- 
kewise we could calculate the number of reversions (AA into CC, AB 
into CD, a.s.o.) for the different tables. 

A good deal of our time we bestowed upon the research of the results 
of a crossing and the reciprocal crossing. Amongst others we have cal- 
culated for all tables where among the children brachycephalic and 
dolichocephalic indices appear, the number of sons and of daughters 
with brachycephalic, resp. dolichocephalic indices and these results 
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have been compared of the tables where the mother is brachyce- 
phalic, resp. dolichocephalic with those where the father is brachy- 
cephalic, resp. dolichocephalic. We shall deal in another section of 
this paper (p. 48) with the signifance of the sex for the heredity of the 
index. Er 

As an example of the application of the first scheme we will draw 
up here for one family the formulas (p. 14) and take the largest 
family of our material fam. 3, of which 100 members have been 
measured. 


Fam.3 (104 members ) 


In drawing up the formulae we have entirely confined ourselves to 
the requirements of the scheme. So we have first drawn up for each 
family the formula for the headsize. By this we know how many ii’s 
each member of the family contains, likewise we know how many fac- 
tors for the headform as CC, respectively DD (or CD) will be present. 
So we can indicate the number of A, B, C and D factors for the index 
of all members of the family. While taking down the formula for the 
index we see to it that each A and B factor gets a place, occupied in the 
formula for the headsize by II or Ii. Only the ii places are to be occu- 
pied by C and D factors (p. 14). 

Fam. 3h. Eight brothers and sisters. Index x Xx y — 84.5 + 82.4 + 
+ 80.9 + 80.5 + 83,2] + 83.6 +825 4815. Size: XxX y= — 
—0 Niet Oor OA Dief Orle OD EN ORE 
zov SE lS 4 eee NOPE 


1) The males and females are separated by a vertical line. 
2) — 0.1 means 0.1 cm smaller than the average value of L + B, a.s. o. 
SnTakenstromstabmhmcepms7 


THE DIFFERENT MATINGS al 


Le SO KONA On LO hekel 3. EA 1516 17-1849 
NEEN KERELS TIETEN AE EEEE TN ENE LI [Leer l1 TieserieLism lili eier ii) 
TOINE CREMER LITE IN Te LOE DRR ISL LoL LOR TTET WL Le AL OL Pii) 

® 

1 VREE EDN N Et MEE BA Ee A  r D  r 
2 VA GON Bel DE A EF, B Ho in AE 
3 RE REEDE FE A ip NL B OI A KO a TN nb 
+. VRAM Dole LRAD ON OE OAN hd 
5 LILLE BELAL LP EL ende Lie DLL LOT 
6 voelt tam Iene bier Nie Tietse iin 
7 VNC REE ON AEN  E 0 H BIE  lg 
8 Wid OBR TELDE Te eg He NO BON OS ED bb 


We find 2II x 2li, 2li x 211, and twice 2li X ii. Observation 
161I; expectation 1611. Observation 14ii and 18li; expectation 16ii 
and 16 li. 

Index. Formula x X y =— 13A14I 2 + 12A14I + 11A16I + 10A16I 
+ 12A12I + 12A16I + 12A12I + 11A14T. 

Formula x X y = 1OA3C4B2D —+ 9A3C5B2D —+ 9A2C7BID + 
+ 9A2C7BID + B8A4C4B3D —+ 1OA2C6BID —+ B8A4C4B3D —+ 
+8A3C6B2D. 


LEZE OON Zee en en Onl el AL SN LOR ZE EB nl 9 
MS) (AA AA AAAA ABABABABAD BB. BB BB BB AA AA BB CCCCDD) 
BT MAAAR AB AB AAMABAD ABBD BB BBBBDD CCCCDDCCCCCD) 


AA AA|AA AA|AA/AB[AB|AB|AB|BB BB BBIBB|AA|CCIDDICC CC/CD 
AA AA|AA AA|AB|JAB|AB|ABIBB/BB BB BB|BB|AA[CCIDDICC CC| CD 
AA AAIAB AB|IAA|BB BB|AB|AB/BB BB BB|BB/AA[AAIBBICC CCIDD 
AA AA[AB AB[AB|BB|BB|AA|AB|BB BB BB|BB|AA|AA|BBICC CC/DD 
AA AAJAB AB/AB|AB|AA[BB/AB/BB BB BBIDD|CC|ICCIDDICC CCIDD 
AA AA[AB AB|AA[AA|AB|AA[BB|BB BB BB|BB|AA|AA|BBICC CC/DD 
AA AA|AA AA|AA[AAJAB|AB[BB|BB BB BB|IDD|CC|CCIDDICC CC/| CD 
AA AA[AA AA|ABIAB[AB[BBIBB|BB BB BBIDD|CCIAAIBBICC CC|CD 


We find 3 times AB X AB and once BB Xx AB. Observation 10BB; 
expectation 1OBB. Also 2AA Xx 2AB and AB x AA. Observation 12 
AA; expectation 12AA. 


De 
hd 


oM RON 


1) The parents are not known. From the formulae of the brothers and sisters 
those of their parents have been deducted. 

astakenstronmtabashectsns7 

3) The parents are not known. From the formulae of the brothers and sisters 
those of their parents have been deducted. 

4) For No. 1, see fam. 3c,-tab. 33, p. 24, h‚ No. 2, fam. 3b, tab. 49, p. 25, k, No. 
3 fam. 3n, tab. 11, p. 23,c, No. 4, fam. 3 m, tab. 64, p. 25, n, No. 5, fam. 31, tab. 
GORDO NOS Gstamn dd stabalZapwere Nosdstam.sdkjstabs04, ps 25,1, 
No. 8, fam. 3, tab. 43 p.= 25, j: 
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Fam. 3 tab. 43. Parents and seven children. Ind. 81.5 Xx 76.5 —= 
—= 77.3 + 79.2 + 83.7|+ 82.7 + 80.9 + 78.6 + 81.3. 
Size Ol eld OE 
Sali 
Size 12 Xx 9 = 12 + 10 9 + 10 H 11 + 11 + IL, 


Size: 112: 31425674 GRON TON Pete Zen LA ae Sl OMZ 
M. TEAR U LIN ATEAT TSL ine Lis LN OE 
F. IEM Tin viii iet ir 
1 TEI SII ID IT Tie mid LT 
2 Hs lili kIdelrolefiide (Tin Lineare 
3 ut siivir deb lder eert ii 
4 ebi Tielt ei eea tn 
5 EEN TE Liet Tio eit ed LT 
6 Ira stier er Lit laet U MiTe otd n 
jd EE HeT Hiele iel isle Aileen 


We find 21u 2, and 21021 ObsRAlls expo o LINODS ROE 
LOE 

Index. Form. 11AI4I x 8AIOI = 9AI4I + 1OAI4I + 13A10I + 
+1I2AI2I + 1OAI4I + 9AI2I + 11A14T. 

Form. 8A3C6B2D Xx 4A4C6B5D == 7A2C7B3D —+ 7A3C7B2D + 
+ 8A5C2B4D + 8A4C4AB3D —+ 7A3C7B2D —+ 5A4C7B3D + 
+ 8A3C6B2D. 

1-2 304 5 67 B AOR MAS 14E EN 


M. AA AA AAAAABABABBB BB BB BB BB DD CCAA BB CCCCCD 
F. AAAABBBBABBBBBAB BB BB DD DD CD CC CCDD CG CG ECD 


AA AA|AB ABIABIBB BBIBBIBB BB/BB BBIDD[AA[AAIDDICC CC| CD 
AA AA|/AB ABIBBIAB ABIBB/BB BB/BB BB|CD|CCIAA[BBICC CCIDD 
AA AA|AB ABJAB|AB AB/AB(DD DDIBB BBIDD| CCI CCIDDICC CC| CC 
AA AA[AB ABJAA|AB AB/AB(BB BB|/BB BB|CD|CC\CCIDDICC CC/DD 
AA AA|JAB AB|AB|BB BBIABIBB BB/BB BB|DD|CC[AAIBBICC CC| CD 
AA AA|AB AB|ABIBB BBIBBIBB BB/BB BB|CD|CCICCIDDICC CC| CD 
AA AAIAB AB|BB|AB ABIABIBB BBIBB BBIDD|CC[AA[BBICC CC| CD 


IDR ON 


That the indices of the children are higher than that of the father 
Is a result of the crossing 2AA x 2BB. Further there are AB Xx AB, 
ZABrXI2BBiBB xeABrandsCDSaCDEObD EI BD Eeen 
Obs6 (CD and DD)sexp. 5.25"(CD and DD slotalObss DRS 
and DD; exp. 17.5 BB, CD and DD. 

Fam. 3a, tab. 12. Parents and three children. Ind. 83.6 Xx 80.2 = 
— 85.4 + 80.8| + 85.9. 

Size 0.5 X 0.9 = 1 + —0.3 + 0.2. 
SIZE LS Ae Aen Lenen DN 
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Sier PZ orde Ór ZO IN LON IEA TST dat 516: 177 48-19 


M. Tbilisi iele ir 
EF: HED ON MER AD 0D OEREN EN De VOTES eh Mb 
l eller Le eter Tae VIB ie Tien ee 
Z Vlaams tiel let De Sie et iee LR Abei Aal 
de) lat eb OL Delaml at Ineas Lie Pie dr 


Neshavens ee IISandstwicess Iml Obsmelksexp. ll. Obs: 
6ii; exp. bii. So there is too small a number of II’s. Here we must also 
accept non-hereditary variability. To this result may also cooperate 
that L + B incompletely indicates the headsize. 

Index. Form. 12A16I x IOAI6I —= 14A16I + 11AI12I + 14A14IT. 

Form. 1OA2C6BID x 8A2C8BID —= 12A2C4BID + 7A4CS5B3D + 
+ 11A3C3B2D. | 


AEN EO OERS SLOOM Wel LI Amt 5 LG 17e tert 
M. AAAAABABAAAAABAABBBBBB BB BB AA AA BB CCCCDD 
EF. AAAABBBDBBBBABAAAAAABB BB BB AA AA BB CCGCDD 


1 AA AAlAB AB/AB ABIAB|AA|AB AB/BB BB|BB|AA[AA(BBICC CC/DD 
2 AAAABB BBIAB ABIBB|AA|AB ABIBB BB|IDD|CC/\CCIDDICC CC/DD 
31) AA AA|AB ABJAB AB|AB|AA|AB AB|BB BB|BB|AA[CCIDD|CC CC[DD 


The high indices of the children are a result of the crossings 2AA X 
De bbandsebbme2iturtherntheremare 2AB x 2BB and AB 
MAB Obs. 3BB; exp. 3,75BB. 

Fam. 30, tab. 49. Parents and seven children. Ind. 78.3 x 82.4 = 
— 83.4] 83 +4 87.2 + 83.9 J- 84.7 J 83 + 86.1. 

Size 0.6 X —0.5 —= —0.3 + 0.2 + —0.5 + 1.6 + O0 + 1 + 0.2. 
RDS 2 dede, 
DGR eN Ti2 ele den tonen ele enlg 
Dat AREA KET IE AE Pe AGE en 
DAKEN ARIEL TELA VERVEN Pte tok 


Ì ate eeens ene vo 
2 CEN SITE ont Taa Tantes 1 
3 LENGDR LE Sla De erdee oee e an ile ed 
4 LDR ELIET ELIES Leet on ein 
5 HE NA er BA NE B B AE SR 
6 TIN SE Te ETR Lon 
7 AE PARE BAAI apt tart ADE ER he 
ihererarens VIR 2 li twaces2 ln xe 2 lands lveg 2 Obsal6llsexp. 
l4IT. Obs. 1211; exp. 14i1. There are somewhat too many II's. 
Index. Formula. 9A16I X 12A14I = 13A14I + 12A14I + 14A14I 
+ 12A16I + 13A14I + 12A161 + 14A12I. 


Form. 7A2C9BID x 9A3CS5B2D —= 1OA3C4B2D + 9A3CSB2D + 


anar sdrntab Zon De 24 
Frets 3 
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+ 11A3C3B2D + 1OA2C6BID + 11A2C3B3D + 10A2C6BID + 
+ 10A4C2B3D. | 


feeder dn Or 6m ZweB PO NLO TT ML ZEND A ALO LO ZE 
M. AA BB BB BB BB AAAAABAB AA BB BB BB BB AA BB CCCC CD 
F. AAAAAAAA AB ABABAB BB BB BB BB.BB AA CCDDCCCGED 


AA[AB AB ABIBB|/AA|AB|AB|AB/AB|BB BB|BB|AB|CCIDDICC CC/DD 
AA|AB AB AB|AB|AB[AB/BB|BB[AB/BB BB|BB|AB|CC[DD/CC CC/CD 
AAIAB AB AB|JAB/AA|AB/AB|ABIAB|BB BB|IDD/CD|AAIBBICC CC/| CC 
AA|AB AB AB|AB|AB|IAAIBB[BB|AB[/BB BB/BB|AB|AA|BBICC CCI CD 
AAIAB AB AB/BB|AA|ABIABIABIAB(DD DD/BB|AB|AA[BBICC CC| CD 
AAIAB AB AB|BB/AB|AA[(AA/BBIAB[BB BB[BBIAB|AA|BBICC CCIDD 
AAI[AB AB AB/AB|AA[|AB|AA[ABJAB|BB BBIDD|ICD|CCIDDICC CCI CC 


TD RON 


The high indices of the children result from the crossings 3BB X 
SAAFBBEXAA and AAB: 

The crossing BB x AA yields twice CD. Further there are BB XAB 
AB X BBCAB x'AB and CD CDrObsmeBBirexp eZ 
2CC; exp. 1.75CC. Total: Obs. 13BB and (CD and DD); exp. 14BB and 
(CD and DD). 

Fam. 3c, tab. 33. Parents and seven children. Ind. 80.2 Xx 84.5 —= 
— 83.3 + 85.2 + 80 + 83.7| + 86 + 83.5 + 86.7. 

Size — 2.1 X —0.l = 0.3 + —0.6 + — 1.3 + —0.6 J —0.2 + 

+ 0.3 + — 0.2. 

Size 82e EN 
OLENE Zo EON On LS 9 10 A1 1213 AA LEGT ARN 
M. IE MIDI TH TDT Eire CL 
FE. ALD IT III DI MILD 


Th ALECLI II, ESLT TEE ATS OLLSTTE TTT Den 0 LEL 
2 IT ITT Il joli asje TE Tiel STi tee iten a 
3 It Ki-Li Li) oTETDS fe Die Ltr TLE 0 AE AL 
4 EIT GIEL perd TäSfe Ti CiorSlael lii eN 
oe) IL INST TS ITT ala LA Telde Age NE 
63) INTI IIET borrel | IL IE Ti TA oepeianal oen 
EEN IIe ETAT Sj OrTe Te) AE ID TELA) ien 


There are 4li x 4II, 2li x 2II, 21i x 21 and 2ii x 2li. Obs. 40II; 
exp. 24.5II. Obs. 41i; exp. 10.511. 

For the explanation of the headsizes as hereditary variations, while 
the heterozygotes are intermediate we want more ITI’s than are availa- 
ble according the osbervations. (p. 000). 

Index. Form. 1OAI2I X 13A14I = 13AI4I + 14A14I + 1OAI2I + 

+ 13AI4T + 14AI4I + 12A14I + 14AI12I. Form. 7ZA3CSB4D Xx 


tamron taDROA ND De Ia ORD AND ZAND 
Srfamediintabml (Sp r2sr CH tam dte DROS MDMZOND: 
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Xx 1OA3C4B2D = 10AS3C4B2D + 10A3C4B2D + 7A3C5B4D + 

+ 1OA3C4AB2D + 9A4CSBID (1OA4C4BID, p. 000) + 9ASC5B2D + 
+ 1OA4C2BSD. 


last ZED TD 


ORO OT EL U 


botdm 15 LORIZM ETD 


MEAAAAAA AB BBAAABBDBBAA BBBBDDDDCGDD CCCCCD 
FE. AA AAAAAAAAAB ABAD AB BB BB BB BB AA GCDD GC CC CD 


1) AA AA AA[AB[AB 
AA AA AA|AA|AB 
AA AA AA|AB[AB 
AA AA AA|AA|AB 

2) AA AA AAJAB|AB 

8) AA AA AA|AA|AB 


AAIBBIAB|AB|IAB/BB BB 
AB[ABIAB/BB[AB|BB BB 
AAIBB[BB[BB|AB|BB BB 
ABIABI/ABIBB[AB/BB BB 
BBIABIBBIABIAB|BB BB 
AA|IAA[BB|BB/ABIBB BB 


BB|ABICCIDDICC CC| CD 
BB|ABICCIDDICC CC| CD 
DD CDICCIDDICC CC| CD 
BB|[ABICCIDDICC CC/IDD 
BB|ABICCIDDICC CC|CC 
BB|ABICCIDDICC CC/| CD 


2 
3 
4 
5 
6 
/ 


t) AA AA AAJAB|AB|AB|AA|ABIAB|AB[BB BB|DD|CD/CCIDDICC CC[C C 

The high indices of the children result from the crossings BB x AA, 
AA Xx BB and DD x AA (yielding twice CD). Further there are 
ABROAD Wwice KB Best andCDerCDrODsRIBB exp. 870BB. 
Obs. 2CC, exp. 1.75CC. Total: Obs. 14BB and (CD and DD); exp. 
14BB and (CD and DD). 

Fam. 3d, tab. 34. Two grandparents, parents and 14 children. 
Ind. 86.3 x 82.6 — 78.7 + 81.2 + 85.8 + 79 + 85.2 + 77.9 + 79.5 
+ 79| 81.8 + 80.3 + 84.7 + 85.8 + 85 + 81.7. 

Size —0.2 X —2,1 = 0.4 + —0.1l + —0.9 + —08H —1,4 H — 0.7 

AOT GO Os 0 

Size 12 Xx 8 = 13 + 12 IO HIOH9 HI + Il + 12 +11 +11 
J Il + 11 + 12 + 11, 

Size Mother See fam. 3c, tab. 33, d, p. 34. Form 1011 4L Si. 


er VA oke PAS AE IN ee) L8 ORL Ome LINEA RKO GEE ZG 19 
NL IEEE EL OT Le Le ER LET heel opte L ae Cie Lome ertte slk 1e Ld 
ARR ER DARE ihk REA EE LA ad eN Bt dM Do A nf 
Eekelen wl tad teheldelle rele KELE ITS eit pttertt ari 
2 VERE A RADE A MED EME ld dd Dhn 
3 LITT el benne lan oe Tons Es Prei AR 
4 UN ORNE E AE EN MEER TEI OAN B BEAN Zo nr 
9) DA KON odd A MEE OE bg ha 
6 Kaele ie Tere een (oe COOLER TUN MOR LRL A VLT 
7 EIST IR err TAR Ie EURIE edu Lel BILLET PLONTE 
8 Tartan lar io ETET LURE EERS LTL LE OLE LE 
d VLeL Eel ee ie NEGEREN TT 0e bee LERT LO EEA LNE ORE 
10 Tat te le Taaie re UE DAIL ae Te ETD), Biledt dele LUS Dd 
11 Kalle bretel led Lio Tusen bel bell Elbe ile ig 
12 Te im ien Le LEE LE TRED bide lid theel 
13 ROE NEEDE PE A DD B EZ PO OE EW 
14 PIAS Ie Tae RANGER LAN ane TOT Ho heteen AL ek 


tand e.tADiOAF Ps zo, 
Betanvotstabal tb Pr 2 G 


2) fam. 3d, tab. 34, p. 24, h. 
Starre kado PaZo ls 
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We have twice 2 II x 2li and 41 x 411. Obs. 6211; exp. 42 in Obs. 
411; exp. 1411. There is too great a number of II's. 

Index. Mother see fam. 3c, tab. 33, d, p. 000. Form. 3AA2ABBBAB 
BB2AB3BBABCCDDSCC. 

Form. 14A14T X 12A12I = 9AI4I + IIAI4T + 14A14I + 1OAI4I 
+ 14AIOI + 9AI4I + IOAI4T + IOAI4T + 1IAI4I + 1IOAI4I + 
+1I3AIl4I + 14 Al4l + IS3AI4I + 11AI4T. 

Form. 9A4CSBID x 8A4C4AB3D —= 6A3CBB2D —+ 8A3C6B2D + 
+ 11A3C3B2D + 7A3C7B2D + 9ASCIB4AD + 6A3C8B2D + 
+ 7A3C7B2D + 7A3C7B2D + 8A3C6B2D + 7A3C7B2D + 10 
+ 10OAS3C4B2D + 11A3CS3B2D + 1OASC4B2D + 8AS3C6B2D. 


l2 9 4d 6 ZeerBn Ital L2ertold tom LOR 
M. AAAAAAABABBBABBBABADBB BB BBABCGDDOCCGCR 
F. AAAAAAABABAB CCDD BB BB AB BB BB AB CC DD CC CC DD 


AA AA Ap AB|BB[AB/BB/BB BB/BBIBB BB|BBICCIDDICC CC| CD 
AA AA AA[BB BB AB[AA/BB|AB ABIAB/BB BB BBICCIDDICC CC CD 
AA AA AA[AA AA|AB/AB/BB|AB ABIAB/BB BB|ABICCIDDICC CC| CD 
AA AA AA[AB AB[BB|AA/BB[BB BB[(BB/BB BB[ABICCIDDICC CC/| CD 
AA AA AA|AB AB/AB|CC\BB|AB ABIABIDD DD/CCICCIDDICC CC| CD 
AA AA AA|AB AB[BB|AB/BB[BB BB[BB/BB BB|BBICCIDDICC CC/| CD 
AA AA AA|AA AA[BB|AA[BB[BB BB[{BB|BB BB|ABICCIDD|ICC CC/| CD 
AA AA AA[BB BBIAB|AB|/BB/BB BB/AB|BB BB[/ABICCIDDICC CC/ CD 
AA AA AA[/AB AB/AB|AA[BB/BB BB/BB|BB BB|AAICCIDDICC CC| CD 
AA AA AA[AB AB(BB|AB|/BB(BB BB/BB/BB BB[ABICCIDD|CC CC CD 
11 AA AA AA|AA AA[/BB|AA|/BB|/AB AB|/AB|BB BB|ABICCIHDDICC CC| CD 
12 AA AA AA|AB AB/AB[/AB|/BB|AB AB/AB(BB BB/ABICCIDDICC CC/| CD 
13 AA AA AA|AB AB/BB|AA[BB/AB AB/AB/BB BB|ABICCIDDICC CC/| CD 
14 AA AA AA[BB BB|IAB|JAB[BB|AB ABIBB/BB BB|AAICCIDDICC CC| CD 


OTN RON 


\O 


a 
©) 


We have twice BB x AB, 2AB x BB and AB x AB. Also once 
GE PADDRODSRSLBB Repo 

Fam. 3e, tab. 64. Four grandparents, parents and 10 children. A fine 
case of heredity of brachycephaly. 

Index. 80.8 x 83.3 = 87,4 + 91.1 + 93 + 88.1 + 85.5| + 82 + 
+ 89.2 + 88.5 + 90.3 + 87.9. 

Size —0.7 X 0.3 = — 0.1 + 0.3 + 1.2 + 0.8 + —0.3 + 0.5 + 
+06 124 ll k 12. 
Size Il X 13 =12 +13 1414 HI +13 13 + 14 + 10 

+ 14. 
Mother. See fam. 3p, tab. 12, p. 42. Formula. Size. 1OII2H7íi. 
Father. See fam. 3c, tab. 33, p. 34. Formula. Size. 1211201511. 
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Children. 


OO O@oNDA RON 


et 


There are twice Ii x II, twice 2li x 211, twice li X li and 2li X ii. 
Obs. 4911; exp. 3511. Obs. 8ii; exp. 15ii. So there is too great a num- 
ber of II's. If for the headsize there is heredity while the heterozygotes 
are intermediate, a great non-hereditary variability (e.g. rachitis) must 
also be accepted here. 

Index. Mother. See fam. 3p, tab. 12, p. 42. Form. 4BBAABBAA2 
BBA B3AA3AB2CCCD. 

The mother has a much lower index than the children. She has been 
measured twice; the index is 80.8 — 81 (dimensions L —= 17.9 — 17.8, 
B 14,5 — 14.4). We have taken 81 as index, by which the formula 
became 11 A and not 10A. 

Father, See fam. 3c, tab. 33, p. 34. Form. 3SAA2ABAABB3ABSBB 
ABECDPZECEDE 

Children. Ind. Formula. 1OA16I x-13A14I = 15AI3I + 18A16I + 
+ 19AI6I + 16AI6I + 14AI3I + 1IAI4I + 16AISI + 16A16I + 
+ 17A14I + 15A16I. 

Formula. 8A2C8BID x 1IOA3C4B2D == 11A4C2B2D + 16A2CID + 
+ 15ASCBB (16A3C, p. 000) + 14A2C2BID + 9A4CS3B2D (9AS5C3B. 
ID) + 9A2C5B3D + 14A2CIB2D + 14A2C2BID + 11A4C3B1D 


(12A4C2BI1D) + 13A2C3BID. 


LAAC ZE OTO Oa LT ZE Srl NAD 16° 1701819 
M. BB BB BB BB AA BBAABBBBABAAAA AA AB ABAB CGCC CD 
EF. AAAAAAABAB AA BBABABABBBBBBB AB CCDD CCCC CD 


AB AB ABIBBIAA|AB AB|AB AB|BB|AB AB|AB|CC|CC\CDICC CC| CD 
AB AB ABIAB|IAB|AB AB/AB AB|AB|AB AB|AB|AB|AB|ABICE CC/CD 
AB AB AB|IAB|AB|AB AB|AB AB|AB|AB AB|AB|AB|AA|IBBICC CC[CC 
AB AB AB/BB|IAB|AB AB[AA AA|AB|AB AB|AB|BB|AB|ABICC CCIDD 
AB AB AB/BB|AB|/AB AB|BB BB|BBIAB AB|AB|CCICCIDDICC CC/| CD 
AB AB AB[BB|AAJAB AB/BB BB[BB|AB AB[/AB|BB|CD|IDDICC CC| CD 
AB AB AB|AB|AA[AB AB[AB AB|AA|AB AB|CD|AB[AB|BBICC CC/DD 
AB AB AB/AB/AB|AB AB|/BB BB|AB|AB AB|AB|AB|AA|ABICC CC/| CD 
AB AB AB|AB|AA|JAB AB/BB BB|AA|AB AB/ABIBB|ICCICDICC CC| CC 
AB AB AB[BB|AA|AB AB[BB BB|AB|AB ABIAB|AB|AB|AB|CC CCI CD 


OON RON 


Dek 
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The high indices of the children result from the crossings 3BB x 3AA 
BB Xx AA, 2AA x 2BB and twice AA Xx BB. Further there are BB X 
x AB, 2BB x 2AB, twice AB x AB, AB x DD and CD x CD. Obs. 
2oBB(andsDD)rexpm20BB Ob MOC END MAG: 

Though the indices of the children are considerably higher than tho- 
se of the parents, still the explanation is possible here by multiple 
factors with dominance (p. 6). 

The mother has a relatively low index and descends from a STe 
brachycephalic family. It is remarkable that the eldest daughter has 
the same index as the mother. The | st measurement gave as index 
83.7, the 2nd measurement, 6 years later, 80.8; we took 82 for the 
mean index. 

Fam. 3f, tab. rr. Three grandparents, parents and two children. 
Index! 83: SMOEL 

Size. 0.3 X 0.2 = 0.4 H- 0.9, size. 13 X 12 = 13 H- 14, 

Mother. See fam. Sc, tab. 33, de, p. 34. Form. 1211211511. 

Father. Grandmother by father’s side. Ind. —= 84.5, size —= 1.4, size 
En: 


Size. 1-2 3 4 5 6 78910 1112 ASA STARR 
Me CHU IRIDIUM TEI II OLC 
EF MAUD ITT ee 
1 oe In TITAL ERTL TMR rd 

2 TET TELT 


Chers ares ITE ende lie Ne 

Index. Mother See fam. 3c, tab. 33, de, p. 34. Form. 4AAAB2AA 
2BBAB3BBABCCDD2CCCD. 

Ind. Form. 12A14I Xx 12A14I = 15A14I + 17A14I. 

Form. 9A3C5B2D x 9A3C5B2D —= 12A3C2B2D —+ 14A3C2D. 


M. „1: 42/3 [4 5! 6re/e 58 COELON UEMAZOL STAAL Ml ON 
M. AA AA AA AAABAA AA BB BB AB BB BB BB ABCC DD CC CC CD 
F. AA AA BB BB BB BB BB AA AAAB AA AA AA AA CCDD CC CC DD 


1 AA AA[AB AB[BB|/AB AB|AB AB[BB|AB AB AB|ABICC DD CC CC CD 
2 AA AA[AB AB|IAB|AB AB|AB ABIAB|AB AB AB|IAB/CC DD CC CC DD 


The high indices of the children result from twice 2AA Xx 2BB, 
2BB X 2AAAand, 3BB x 3AA: Further, there are AB» BBitand 
ABA B: Obs. 2BB; exp. 1.9BB: 

Fam. 3g, tab. 63. Four grandparents, parents and three children. 
Index. 86.7 xX 80.6 — 90.5|+90.5 + 86.3. 

Size. —0.2 XxX 0.8 = 0.8 + 0.7 + 1.2. 
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Size. 12 X 14.= 14 + 13 + 14. 
Mother. See fam. 3c, de tab. 33, p. 34; Formula Size 12117. 
HAREM ee Adnr On ne On sizer Oroanlndnl0 61 Size 


Werhor= ld, 
Sige eerde Oron An tOr kie beki Aenlehorlór ik L7/18n 19 
M. VITE ete iets Cosmhetn Din Pe bustier 
F. UREN di de TORD pr RAE AD EO EN 
vierden Apate ii 


Eese BIM 


bhesenens lins lLetwices2 lis mande2 m2 tss 2 Ll exp. 
SMRODSRAT LED Ol. 


Sizenchildrennhe2rdnd orn d IrlOSLIeiZenterldnn lon lomrtZe1onlg 
M. EED eee Ads LL RLD 
E: ° NWN Ph hd KD kh OD 
l Llebinltem Lisle elst 
2 TORE Ee UN LINE LONS El 


6) EEC UT RRT EER LENTE e1E 
There are twice 2ii Xx 211. Obs. 2ii; exp. 6ii. | 
Index. Mother See fam. 3c, tab. 33, p. 34. Form. 3 AA3ABAAS3AB 
2BBDDCDCCDDS3CC. 
Father. Form. 8AI6I x 9AI18I = 11AI6I. Form. 7ZAIC9B2D X 
+ 9A9BID —= 9A2C7BID. 


TEN NE LOR LRL Zee ORL AES wl Olm. 1619 
MRB BrBB BBBBIBBEBBrAATAATAAAAPNATAB AD BB BB BB GD GCICD 
Fer BB BB BB BB BD AB BB AAAACADFAB AAAAAA BB BB;BB AA CD 


1 BB BB BB BB BB AB AB AA AA AA AA AA AA AB BB BB CD CC CC 
Index. Children. Formula. 14A12I Xx 11A16I —= 17A16I + 17A14Ï 
+ 14A16I. 
Formula. 1IOA4C2B3D x 9A2C7BID — 13A3C3B (14A3C2B) + 
+ 14A3C2D + 12A2C4BID. 


ONO ORR LOM bleet 2 etSt4 SED wlorltZe18 19 
M. AAAAAAABABABAAABABABBB BB DD CD CC DD CC CC CC 
F. BB BB BB BB BBABABAAAAAAAAAA AA AB BB BB CCCC CD 


1 ABABAB[BB BB|AA|AA AAJAB ABJAB AB AB|AB/ABIBBICC CCICC 
2 ABABAB|AB ABIAB|AB AB|AA AA|AB AB AB|AA[CD/[DD/CC CC[ CC 
3 ABABAB|IBB BB|AA[AA AA|JAB AB|AB AB AB|BB[AB[BB|CC CC| CD 


The high indices of the children result from 3AA x 3BB and 
3BB XxX 3AA. Further there are 2AB Xx 2BB, 2AB x 2AB, AB x AB 
and CG x CD. Obs-SBB and ICD fexp. 6BB and, 1:oCD. 

Fam. 3h, see p. 30. Eight brothers and sisters. (the first generation). 

Fam. 3k, tab. 64. One grandparent. parents and five children. 
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Index 82.5 x 81.2 —= 81.7 + 83.3] + 83.3 + 83.7 + 80.5. 

SE AAN D SE OE 

Size 10 Xx 13 = Il + 13 + 11 + 10 + 12, 
FatherG'ftelnd®79:8 Izer Rize MZ 


Children. Size. 1 2 3 45 6 7 8 9 10 12 13 14 LSL GEE 
M. Iiajelakts Iieliesetistien ete 


FE, ITs Ill, TieliMenliLirerlis ian en 
1 IIsjetaeln (alu Tuetisli STE 
2 EISLIS HSE DEL nr Loe KDE 
3 je B DA EON Pal Br A er er 
4 Fa, LURIE PITT rte LLL 
5 EINE ie ie te Ean enn 


There are. 2u Xe2 1, 2e 2Ivandetwices2in 21 ROD MOLE Sn 
LollRObsM 2E exploi 
Index Form. 12A12I x 1IAI6I = 1IAI4I + 13A14I + 12A14I + 
12A121 + 10A14I. 
Form. 8A4C4B3D x 9A2C7BID = 8A3C6B2D + 10A3C4B2D + 
+ 9A3CSB2D + VA2C3BSD (1OA2C2B5D) + BA2C6B3D. 
1 234 5e 6007 B GTO A23 FASEN 


M. AA AA AAAAAAAAABAB BB BB BB BB CCDD CC DD CCCC CD 
F. ABABABAABBABABABAB' BB BB BB BB AB BB BB CCCC CD 


AB|AA AA[AA|AB[AB\BB|AAIABIBB|BB BB|/AB[BB|CDIDDICC CC/ CD 
AA|AB AB|AA|AB|AA|AA/AB|ABIBB|BB BB|CDIDDIAB[BBICC CC| CC 
AB|AA AA[AA[AB[AB/AB|ABIBBIBB|BB BB|AB|AB\CDIDDICC CC/DD 
AA|AB AB/AA|AB|AAIBB/ABIABIBBI[DD DD/CD/CDIABIBBICC CC/ CD 
AB|AA AA[AA[AB/AB|JAB|BBIBBIBBIBB BB|AB/BB|CDIDDICC CCI CD 


We have BB Xx AB, twice AB xX AB, DD x AB and CD Xx CD? 
Obs. 8BB and 4 (CD and DD). Exp. 7.5 BB and 3.75 (CD and DD). 

Fam. 3l, tab. 60. Parents and two children. 

Index 80.5 Xx 83.2 — 85.8|4--84,5.S1ze-1.2 XxX —0.l —= 0:0' r0NE 
Sizenl4xnlOs=ilS 12 


Size. [N21314 ROZ B APTOM ele Sen Or 


Tm ON 


M. IT leltellselieebt Linsliela aen 
F. WOTE EL 11e Ao Sie ii vat Cale en 
l MEETGLESED EN TL op Tao LAA en Ln Nn 
2 Ef Tio lsE do AT ge Li 


Thereare Texel stwice lin nrandshexfenf ODS MIRE mi En 
Shimexpnalis 

Index. Form. 10A17I X 12A12I = 14A14I + 1341831. 

Form. 10A7B2D x 8A4C4B3D = 11A3C3B2D —+ 11A2C2B4D. 
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EAN RG Aen OEE el telde los l6eetZonl8 19 
NBB BB AAAAAD DB DD AAAA AA AABBAB BBAA BB AACD DD 
PrTAAFAAABSABABABTAA DBBBAB'BEBB GCDDCGDBD"EC CC DD 


EC 
CD 


AB 
AB 


BB 
BB 


AB 
AA 


BB 
DD 


GC 
CC 


DD 
DD 


CC 
CC 


DD 
DD 


AB 
AB 


AB 
AB 


AB 
AB 


AB 
AA 


AB 
BB 


BB 
AB 


1 AB.AB 

2 ABAB 

There are AB .x, AB; BB.x AB and CD Xx CC. The high indices of 
the children result from the crossings twice AA Xx BB, 2 BB Xx 2AA 
and BB x AA. Obs: 2BB and ICD. Exp. 1.5BB and ICD: 

Fam. 3m, tab. 64. Parents and two children. Ind. 83.3 Xx 80.5 = 


AA AA 
AB AB 


84.21 + 83.7. 
izem 00 werld 0.901 Size lE Xeen 12, 
Sent Zender desen Sil ORl el atd plaelanlóut/ 20019 
M. IE JJ db Job Jet Hel At rie Hike Akke alt Al 
B Tb AAE JE ARK MOL JA Dh AE Ne ok rde Hil 
1 TE OE IE AEL AG ht ahd ale eht 1 ht Ebi Abi 
Tt NE Je NN rBE Met PIE A Se At Ip on abt 


There are twice 2li x 211, 2li x 2li and MR RODS BAL IEExp: 
SR ODsTCrtexpeil. 
Index. Form: 12A 14I XxX 11A16I == 13ÀA12I 2 12A14I. 
Form. 9ASCSB2D x 9A2C7BID — 10ASC2B4D + 9A3CSB2D. 
be ER id A EKD (OND A B WAD ho PN WA a, 


F. AB AB AAAA BB AA AA BBrABPABIBB BDeBBICGDDICOr CCD 
M. AA AA ABAB AB BB BB AB BB BB BBBB AA AA BB CC CC DD 


CC CC 
COEC 


CD 
DD 


GD 
AB 


GE 
CC 


DD 
DD 


BB 
BB 


DD 
BB 


AB 
BB 


AB AB 
BB BB 


AB AB 
AB AB 


AA 
AA 


AA AA 
AB AB 


BB 
AB 


[MAB:AB 
2 AATAA 


There are twice BB x AB and 2AB Xx 2BB. Obs. 4BB; exp. 4BB. 
Fam. 3n, tab. TI. Parents and six children. 
Index 82.2 x 80.9 — 81.1 + 85.7| + 84.3 + 82.5 + 83.1 + 83.2. 
Size 1.2 X 04 =1.l + 0.8 + 0.4 + 0 + 04 + 0.1. 
Size 14 X 13 = 14 + 14 + 13 + 12 + 13 + 12. 


et AN AS MO Me MA We OR kOe el Sels lhotOnl 718 14 
M. INR e ll ATL T Detsen LTN 
F. End DEE Ce ED ba tn be 


TTR nh LAER CDE ETL Oe Ere 
Tiben LTL lol Ie 1e 1e 
Leti helte ate 

op GN EE We OR B 

ARTAN vett 

VE A AET ed! 


DNO 
ln! 
— 
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There are 2li x 2II, twice 2II x 2 and 2li x 211. Obs. 1611; exp. 
2111. Obs. 411; exp. Si. 

Index. Form. 11AI6I X IIAI6I = 11A16 + 14A16I + 13A161 En 
+ 12A14I + 12A14T + 12A16I. Form. 9A2C7BID x 9A2C7BID = 
— 9A2C7BID + 12A2C4BID + 11IA2C5SBID + 10A2C4BS3D + 
1OA2C4ABS3D + 10A2C6BID. 


12 (Seber One di OS LON LE RLS AL NON 
AAAAABBBABAB AA AA AB AA BB BB BB BB BB BB CCCC CD 
AAAAABABAA BB BB AB AB BB BB BB BB AA AA BB CC CC DD 


nz 


AA AA[AB[BB[AA[BB/AB/AB(BB|AB/BB BB BB|IAB|AB|BB|ICC CC/DD 
AA AA[AA|ABJAB|AB|AB|AB|AB|AB|/BB BB BBIAB|/AB|BBICC CC/CD 
AA AA|AB[BB|AA|AB|AB|AA|AA|AB[BB BB BB|AB|AB|BB|CC CC|CD 
AA AA[AA/BB|AB|AB|AB|AA|AB|AB|BB BB BB|IAB|CDIDD/ICC CCIDD 
AA AA[AB|JAB|AA/BB|AB|AA|AA|AB|BB BB BB|IAB|CDIDDICC CC| CD 
AA AAIBBIAB[ABIBBIABIABIABIABIBB BB BBIABIABIB BICC CCIDD 


Om ON= 


The high indices of the children result from the crossings twice 
AA X BB and twice BB Xx AA (yielding twice CD). We have twice 
AB X AB, BB x ABand AB X BB. Obs. 8BB; exp. 9BB: 

Fam. 30, tab. Bt). Mother, son and two daughters. The father is 
deceased; father belonged to the brothers and sisters of fam. h (p. 30). 
The mother is dolichocephalic, the two daughters have also dolicho- 
cephalic indices. 

Ind. 79.3 X Xx = 81,7|4-79,7 £ 7874 SIZE ZK 
—J 0.3. 

Fam. 3p, tab. T2. Parents and three children. See also fam. Se, tab. 
64, p. 36. 

Index 84.5 x 82.5 — 87.5| + 80.8 + 83.4. 

Size. 0.3 X 1 =0.5 + —0.7 + 0.3. Size 13 X 14 = 13 +11 + 13. 
Size. 172 34516 7 eBSOodOn A2 MIS al A TS ER 


M. IN IEEE II IT, lie eli Tie ee lilies Lelie 
F. TAI ITD Ie ITIL eee LL Ta 0 CE LL 
Î Ip ID felt Lis pelle peo LLa sTist elders ie en 
2 Ta poLieliereTa jelislasselin Lie liel 
3 EE EESTE lint Hili on Tin elin Lt 


There are:2l1 x 211, II X Hi, twice!li Xi 21 xe 2Tivandsussenit 
OpssSLls exps/sollkObsn Is expa4rol 

Index. Form. 13A16I X 12A17I — 15A16I + 11A 161 + 12A171. 

Form. 11A2C5BID x 11AIC6BID = 13A2C3BI1D + 9A2C7BID + 
JH 11AI1C6BID. 


1) not published, 
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IES REAR Oet el Oh blanken he le kor borst Zi 8019 


M. AB BB BB BB AAABABABABABAAABAAABBBBB CC CC CD 
F. BBABABABAABBAABBBB BB AB AA AB BB AA AB AA CC DD 
l AB|AB AB|/AB|AA[AB[AB[AB AB/BB/AB AB AB|IBB|ABIBB|CCICCIDD 
2 BB|BB BB[BB|/AA/BB|AA|BB BB|AB|AA AA AA(AB[AB|AB|CCICC| CD 
6) BB|AB AB[BB[AA/BBIAB|AB AB[BB|AB AB ABIBB|AB[BBIAAICCIDD 


There are four times AB XxX BB, 2AB Xx 2BB, 2BB x 2AB and 
twice BB xX AB. Obs. 16BB; exp. I5BB. 

Fam. 37, tab. 25. Four grandparents, parents and two children. 
Mother. See fam. 3a tab. 12. Size, formula. 8112102112051. 

Index form. 2ZAA2AB2AAABAASBB2AABB2CCDD. 

Batheirslndexn7813" 078.58 10,0 SlUZE 03 A02 == — 09, 
SIZE leen 20 


Size. IP 2e Indo Ere MON TS 1418 16 17 18,19 
M. Rele nb ve an LTE Liter 1 
F. LIGIER Giet end Til eiindeed 
1 Elle Diebielmst inboet etweinn 1 


Lmeresaren2 ADD Ine 210 Xs2rands 21 xr211Obs. OIL; 
On IVRODS RAERD AOL: 
Index. Form. 9A14I Xx IOAI4I = 9AI12I. Form. 9AICS5B4D 
(BA1C6B4D) x 10OAIC4B4D (9A1CSB4D) = VAIC3B6D (BA1C4B6D 
We Den Hehe Jm! de det AS UO GE A DES IL ee HSN U SRAEN (ASD KN Kie, 


M. AA AA BB BB AB AB AA AA AA AB BB BB BB AA DD CC DD CD DD 
PRANAATADCADB AANAAABTAD AA BB AB BB DDSCC: BB BB-DD DD.DD 


1 AAAAABAB AA AA AA AA AA BB BB BB DD CC DD CD DD DD DD 
There are 2BB x 2AB, AB x BB and BB x AB. Obs. 2BB; exp. 
2BB. 
Children. Index. 85.9 x 78.5 — 78. 78.5|. Size. 0.2 X —0.9 = 
—0. + —0.3. Size 12 X 10 = 12 + 11. 


Size. WARA ome LO vR LI 24 lo L6r 171010 
M. Lee na BOT Leek Lori emi ike Anse ite 1 
F; VS MEE TA EN We er EE B 
1 ERE T OE TORD Pe a Lepel pede 1E 
2 Vie aante ek e laden id elke Lies 


There are 211 21, 2IT x 2 and 2 % Zit. Obs: ‘21T:-exp SIL. 
OpsmOn sexpsoils 

Index Form.14A14I Xx 9A12I=9A14I+4-9A14IT. Form. 1 1ASC3B2D Xx 
6A3C6B4D —= 10A4BS5D (9ASB5D) + 1OA4B5D (9AS5BSD). 
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M. la 03 os Borbee de Beide AOR IRD LATE DE LOL GA 
M. AAAAABABABABABAAAB BB BB BB BB AA CCDD CC CCDD 
FE. AAAAABABAAAAAAAAAABBBBBBDD CCDD CD DD DD DD 
6 AA AA|AB|AB|AA AA AA|AA/BB|AB/BB BB BB|AA|CDIDDICD CD/DD 
Ze AA AA|AAIBB|AB AB AB|AA|AB|AB[BB BB BB|AA|CD|CD|CD CDIDD 


The low indices of the children result from the crossings 3 times 
CC x DD =CD. Also from twice 2AB X 2AB. Further there is 
ABSxeBBrObss2BBexpb 5 

While fam. 3 is greatly brachycephalic with many examples of do- 
minance of macrobrachycephaly, we have here in fam. 37 an example of 
recessiveness of microbrachycephaly. The explanation is easily possible 
by the assumption of a crossing CC x DD and 2CC x 2DD. This fam. 
3r with four grandparents shows us very well the EEA of the 
factors we have accepted for heredity. 

As we have accepted that the effect of the factors C and D is larger 
than that of the factors A and B, we had to accept one factor A more, 
as there were here 5 factors D and no factor C, or also 6 factors D and 
one factor C present (cf. p. 14, note). 

According to the 2nd scheme there would in principle the same 
explanation to be attained. 

The drawing up of the formulae for the headsize of the different fa- 
milies of tab. 3 often led to difficulties. In some cases there were more, 
in other cases fewer II’s than was expected. There is still to be exami- 
ned whether in the heredity of the headsize with man the heterozygo- 
tes are intermediate, or whether there occur any factors with domi- 
nance. A. SCHREINER (1923) finds indications for the latter (p. 11, 
Bkk 

Of the different families of tab. 3, for which we have drawn up the 
formulae of the indices, are many brachycephalic. Fam. 3e, and 3g 
with the greatly brachycephalic indices of the children may remind of 
prepotency. It appears from the formulae that they may also be explai- 
ned very well by the hypothesis of polymere factors with dominance of 
macrobrachycephaly (p. 6). And we rather feel for this explanation 
when we take into consideration the fam. 3d with the divergent indices 
of the children. It also greatly proves for mendelian heredity that in 
fam. 37, where the mother has a high index and belongs to the brachy- 


1) 1 remember that in our material for young children L + B is not exact (p. 
9, note). 
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cephalic fam. 3, the two children are dolichocephalic, just like the father 
and the grandparents by father’s side. Here the significance of the 
assumption of dominance of microdolichocephaly shows clearly. 

Interesting remarks on very high indices are made by E. FISCHER 
(1923, S. 1476) and by A. SCHREINER (1923). FISCHER finds with avi- 
taminose experiments in rats, that the animals are small and are more 
brachycephalic than control animals. (see also p. 1, note). 

The 2nd scheme would have led us to corresponding formulae. The 
maintenance of this scheme is however different. For the explanation 
of some families crossings AA X aa (macrobrachy- Xx microdolicho- 
cephalic) will be necessary. For fam. 37 crossings BB Xx bb (macrodo- 
licho- Xx microbrachycephalic) ought to be accepted. The formulae of 
the indices must be drawn up in normalised heads (p. 18). 

In applying the Ist scheme to the many families of our material only 
in a few cases difficulties were met with. Difficult and interesting fami- 
lies, that all found their consideration with the inquiry of the different 
matings, are in the tables 1—35, fam. 245a tab. 2, fam. 68 tab. 3, fam. 
Deanna Ztabn Mams loimtabe> fam tl60stabe 10 faro: 
Wedstabshertamnetabmhestamso0mtab. 14 stamss4 tab=l5stamn. 5/7 
tao ams 209ataba20rtamsentabs2ontames24letab.i285 tam. Z3a 
tab. 35. And in the tables 36— 74, fam. 324b tab. 43, fam. 130 tab. 48, 
fam. 179d tab. 50, fam. 1Ob tab. 52, fam. 216e tab. 53, fam. 15a tab. 61, 
tam 66stab: 61 fam. 209 tab.:62, fam. 82b tab: 62, fam. 364:tab. 65, 
fam. 87c tab. 66, fam. 380j tab. 73. 

I abstain from publishing these families. In all cases it was possible 
to draw up the formulae. As an example I give the formulae of fam. 245 

Fam. 2454. Four grandparents, parents and seven children. 

This family 245a has been discribed in the general treatment of the 
heredity of the headform of the second study on the material (1921 c, 
p. 24) as an example of prepotency. We now shall see that by the adop- 
tion of multiple factors with dominance, as has been done in this third 
treatment of the material, the mendelian explanation is very well 
possible. 

Mother. Fam. 245, tab. 8. Parents and three children. The mother of 
fam. 245a is the third daughter here. Ind. 77 Xx 80.5 =|79.3 + 81.1 + 
+ 85.8. Size 0.8 X 0.6 = 1 + 1.1 + 0.9; size 14 X 13 = 14 + 14 + 


fin) 
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Size. 152:3 A5 6178 9,40 11,12. 1814 | 15 16117718 19 
M. | Teli | Eid id in 
F. IL TETE TE OEE 
{ LAST Lee 
2 LOIL Me 
3 TirläsienteEr 


Wefind 2li X 2liand 2 X 2ii. Obs. 2ii. Exp. 4.511. 
Index. Form. 8A16I Xx 11AI4I = 9AI6I + 11AI4I + 14A16I. 


ie 2073 Av 5 6 ZRD Sarl ONHE TON ST LS ON AKN 
M. AAAAAAAAABAB AB BB BB BB BB BB BB BB BB BB CCDD CD 
F BB BB BB AAABABABAAAB BB ABAAABBB DD CC CCDDSCD 


| AB AB AB|AA|BB(BB BB|/AB|AB/BB[BB|AB[BBIBB|BB|ABICCIDD| CD 


2 AB AB AB[AA|AA|AB AB|ABIBBIBBIAB|ABIABIBBIDD|CDICCIDD| CD 
3 AB AB AB|AA|AB|AA AA|ABIBB[BB|AB[AB[AB/BB|BB|ABICCIDD| CC 


The high and divergent indices of the children result from the cros- 
sings 3AAx SBB; BB'X AA ZAB 0 2ADBrAB X AB and GON 
Obs. 7BB and 2CD; exp. 6.75BB and 2.25 (CD and DD). The formula of 
the 2nd child 11A14I = 10A1C4B4D is reduced to 1 1A1C3B4D (p. 14). 

Father. Ind. 79.7 X 84.3 =78.2|. Size —0.4 X 1.9 —= 0.8; size 
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Size. 1-2 3-4:5:607 B 9 TON IA2Z TST A KOE ORO 
M. IIi Ti Ti lgenters nie 
F. MH IVI ITA LT To 
l IE TT MOTT Ties Eil 7 RAe 


The father of fam. 2454 is the son here. 
Ind. “Form. TOAISI XelSA SIE ALOT 


1-2 84 5, bedr 8 9 LOOT er 2 SL Ln 
M. AA AA AA AB AB BB BB BB AA AB BB BB AA DD DD DD CC2D DRE 
F. AA AA AB AB BB AB AB AB AA AA BB BB AB BB BB AB CC DD CC 


| AA AA AB BB BB BB BB BB AA AA BB BB AB BB BB AB CC DD CC 
We have three times AB X AB, 3BB x3AB. Obs. 4BB; exp. 2.25BB. 
Children. Ind. 85.8 Xx 78.2 = 82 + 85|+ 85 + 81.5 + 82.3 + 86 
J- 85.3. 
Size 0.9 X 0.8 = 1.8 + 0.5 +005 + 0.7 + —0.2 + 04. 
SENIA Ge IELTS ENTS 


Size: 1238459 6:7 89 LOAI 12e 13114 VIS MON RU 
M. II TESTIe  Lirlá® Tino 
5 ELIET ID Te Lil 
1 II II eTLeT Ian 
2 He B bj EL LO oe 
3 LES GE 
E ED ee 
5 IT TT de BE 
6 ji B dep Eese nk 
k Tet Odell 
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We have twice 2li x 21i. Obs. 4II; RDA DSO exD RI 
Index. Form. 14A16I XxX 9AI6I —= 12A16I + 14A14T + 13A12I + 
LH 1IAI4I + 11AI4T + 14A12I + 13A14T. 
ENA SON ZE Sel O Cte LZMA OTE el GMT elB 219 


ABABABAAABAA AAAB BB BB AB AB AB BB BB AB CCDD CC 
AA AAAB BB BB BB BB BB AA AA BB BB AB BB BB ABCC DD CC 


“2 


AB ABIABIAB/BB/AB AB/BB|/AB AB|AB ABIBB/BB|BB|BBICCIDDICC 
AA AA|AA/ABJAB[AB AB|BB|AB AB|AB ABIAB(BBIDD|CDICCIDDICC 
AB ABIAB|ABJAB[/AB AB/AB|AB ABIBB BB|CDIDDIDD|C CICCIDD CC 
AB ABIBB/AB|BBIAB AB/AB|AB AB/BB BB|CDIDDIBB|IABICCIDDICC 
AA AA[AB/AB[BB|AB AB|BB[AB ABIBB BB[AB|BBIDD| CDICCIDDICC 
AB ABIBB/AB/AB|AB AB|IAB|AB AB|AB AB|CCIDDIDD| CD/CCIDDICC 
AA AA[AB/AB|/AB|AB ABIBB|AB ABIAB ABIDDIDD[IBB|BBICCIDDICC 


We have three times AB X AB, twice AB XxX BB and 2AB x 2BB. 
Further AA X BB, 2AA x 2BB and 2BB x 2AA. Obs. 19BB; exp. 
19.25BB. The high indices of the children ensue from the crossings 
EB Abm ABB SAB vande BBe2AA==2AB. 
Though one of the parents of the mother has a dolichocephalic index 
(fam. 245), the mother has three times the term AA, that meet with 
terms BB of the father. 

In some of the above mentioned cases, both parents have low indices 
and all children high indices. Here the assumption in the mating of 
crossings AA x BB and BB xX AA gives the result desired. Conversely 
if both parents have high indices and all children low indices, we try to 
accept in the mating the crossings CC x DD = CD and DD Xx CC = 
— CD. These cases occur rarely and as the number of C and D factors is 
generally small, and divergent in the children, only some of these cros- 
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sings may be accepted. In these cases may also the crossings AB x AB 
be considered (fam. 34, tab. 15). 

When one of the parents has a high and the other a low index and 
all children high indices, we accept many crossings AA x BB —= AB. 
When in similar cases all children have low indices, we accept crossings 
CC x DD = CD (fam. 2694). Also here we are generally not free in ac- 
cepting the number of C and D factors. Then we accept also crossings 
RD eeAD: 

The application of the first scheme suffers by it, as has been said, 
that we have taken for the headsize the value of L + B. If we knew the 
headsize better, we could draw up the formulae still more accurately. 

The application of the 2nd scheme agrees with the first as we have 
seen (p. 20). It must be reserved to later material. 


CHAPTER IV 
INDEX AND SEX 


The significance of the sex for the heredity of the headindex may 
appear in different ways. We know: 

|l. Secondary characters of sex. 

2. Sex-linked inheritance. 

3. Different dominance in male and in female. 

4. The agreement of the sons with the father and of the daughters 
with the mother. Patrocliny and matrocliny. 

l. That we find the index of females higher than those of males may 
be a secondary character of sex. So there is a female influence then, 
which in all cases makes the indices of females greater than those of 
males. 

We have found that there is another correlation between length and 
breadth in female than in male (1922 p. 522) and take this difference 
as secondary character of sex. (GEROULD 1923, p. 497, 498). 

2—4. The other possible influences of sex on the headindex. 

There appeared from the classification, according to tab. f and g 
(p. 26, 27), that of the families, where L + Bissmall the number of doli- 
chocephalic indices was among the fathers considerably larger than the 
number of brachycephalic indices. Among the mothers there is hardly 
any difference between the number of dolichocephalic indices in heads, 
where L + Bislarge and where L + Bis small. 

If in a population there appear more microdolichocephalic indices 
than microbrachycephalic indices, this may be a result from dominan- 
ce of microdolichocephaly to microbrachycephaly. 

The number of families that, according to the classification, each 
group contains, we may confront in pairs in the following way : 

I1as: « IA45, mabtemados madosxamabrmsn ann 
2e se [124 mabr.xmabreamadons naden 
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Semen Berton mnibormnibr 
IT 4g : II 4%, mido Xx mido : mibr 


De vaanlalops =S 4 
2 
ILS : IIISj, mabr X mido : mido 
XX 
XX 


Dm ORR DS 
MaDi SER 20 
LES emt bS/mmado Madone 
III 6m : III 6n, mabr X mibr : mibr amor 
PURSOm EERS Deme dom RimMdoRmidoremado, Os 6 

The number of families of group I la is greater than of group I 15, 
because the mean index of female is higher than that of male. For the 
same reason the number of families of group l 2 is greater than that 
of group I 2d. 

The number of families of group II 3f mibr X mido is greater than 
that of group Il 3e mido Xx mibr, because microdolichocephaly is do- 
minant to microbrachycephaly and because we find in our material 
this dominance more strongly expressed in the fathers than in the 
mothers. 


mibr : mibr 


DE 


The number. of families of group II 4e, mido Xx mido differs little 
from group II 44 mibr X mibr, because the mean index of female is 
indeed greater than that of male, but also because microbrachy- 
cephaly especially of the father is recessive as opposed to microdoli- 
chocephaly. Both influences thwart each other. 

The number of families of group III Si, mabr X mido is greater 
than that of group III 5/ mido Xx mabr, because the mean index of 
femaleis greater than that of male. Further is in the first case the father 
microdolichocephalic and in the second macrobrachycephalic; both are 
characters with dominance and so influence the number of families in 
the same way. 

The number of families of group III Sk mado Xx mibr is so much 
smaller than of group III 5/ mibr X mado, because the mean index of 
female is greater than that of male and moreover because microbra- 
chycephaly is recessive in the father. 

The number of families of the groups III 6m and „ mabr X mibr 
and mibr X mabr and of III 60 and p mado Xx mido and mido X 
mado do not differ much. 

The significance for our material of the recessiveness of the micro- 
brachycephalic index, which for the whole material manifests itself in 
the tab. f and g‚ we find back in the different groups. 

If macrobrachycephaly is dominant to macrodolichocephaly and 
microdolichocephaly to microbrachycephaly, there will appear in the 
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matings where both parents have large heads, more macrobrachyce- 
phalic than macrodolichocephalic indices among the children and in 
the matings where both parents have small heads, more microdolicho- 
cephalic than microbrachycephalic indices. 

From our protocols we have drawn up the following lists: 


Taba 


NELE ESE NT TN EEE NET EEEN 
nnen ee 


Tables Sons | Daughters Tables Sons | Daughters 
All All 
children | mabr. | mado. | mabr, mado. children | mibr. | mido. | mibr. | mido. 
19 EEZ 90 160 85 20—35 63 60 94 o)6) 
ins 56.5 | 43.5 65.3 34.7 in % 51.2 | 48.8 64 36 


We see from these lists that of the families where both parents have 
large heads, the percentage of macrobrachycephalic indices both for 
the sons and the daughters is greater than the percentage of macrodo- 
lichocephalic indices. For the families where both parents have small 
heads, the percentage of microbrachycephalic indices for the sons is 
smaller than the percentage of macrobrachycephalic indices in the 
preceding table. 

Às in our opinion, there exists in the microbrachycephalic indices a 
great non-hereditary variability which has great influence especially in 
young children, we have drawn up also similar lists for the adult 
children. So we find: 


Tab. A. 

Tables Sons Daughters Tables Sons | Daughters 
adulte den IN gebed SEAN RG adult 

children | mabr. | mado. | mabr. | mado. children | mibr. | mido. | mibr, | mido. 
119 50 38 67 32 20—35 | 16 29 30 26 
Ts 56.8 43.2 67.7 32.3 har ZA 32.6 | 67.4 53.6 | 46.4 


In these tables of small numbers we find both, for the sons and the 
daughters of parents with small heads, a considerably smaller number 
of microbrachycephalic indices than of parents with large heads macro- 
brachycephalic indices. This difference is for the sons much greater 
than for the daughters. So here the recessiveness of the microbrachy- 
cephalic index seems to manifest itself. 

We have also determined the mean index of the sons and of the 
daughters of parents with large heads (tab. 1—19) and of parents with 
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small heads (tab. 20—35). From tab. / we see that the mean index of 
the sons of parents with small heads is smaller than of parents with 
large heads. So this difference may also rest on the dominance of micro- 
dolichocephaly over microbrachycephaly. For the daughters we find 


KLA rene 
L + Bof Sons | Daughters 
Tables 
both parents i 3 
N. | mean ind. |stand. dev. | N. | mean ind. | stand. dev. 
1—19 large DID 80.42 OR 345 80.68 2.95 
20— 35 small 161 80.06 SO 195 80.93 2.94 


the mean index in families where the parents have large heads to be 
greater than in families where they have small heads. It is possible that 
here the result has been altered by non-hereditary variations. 

According to the second scheme (p. 15) a factor A for brachycepha- 
ly, which makes the head especially broader, is dominant to a factor a 
for dolichocephaly, which makes the head especially narrower. Doli- 
chocephalic indices belonging to large heads of which, after being nor- 
malized (p. 18), L + Bis small, will therefore contain many a factors. 
This is according to the 2nd scheme the recessive form of dolichoce- 
phaly. The fact that, in our material, of the fathers of whom L + Bis 
small, the number of dolichocephalic indices is greater than the num- 
ber of brachycephalic indices (tab. f and tab. g‚p. 26, 27), is therefore 
without further assumptions not to be explained according to the 
second scheme. Also here we should perhaps have to accept an in- 
fluence of the sex. 

We will now examine whether the differences in the numbers of 
brachy- and dolichocephalic indices in males and females that we find, 
may be explained by the influence of sex we mentioned sub. 2—4. 
(p. 48). 

2. Sex linked inheritance. 

If there is sex linked inheritance for the headindex, we have for the 
pair of factors A and B, of which A, being a factor for brachycephaly in 
large heads, is dominant to B, being a factor for dolichocephalic in large 
heads, the following crossings. 

Suppose x — macrobrachycephaly and x —= macrodolichocephaly, 
while the male is heterozygous. 
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u Oo 
le) 
| EN: 
N.f Crossings Results of crossings Explication 5 ee 
rg 
D. |S.JD. Js 
1 \mabr. Xx mabr. [XXX 40 =44 +40 all children mabr. ZR? 
2 N XXX LOKK KK HLO XO|daughters mabr, half the 2 |1) {1 
number of sons mabr, the 
other half mado 
3 |mabr. Xmado. |&x X XO=4xX +40 all children mabr. 2 
4 DS XXX KOK HKK HLO KHO|daughters and sons, half of| 1 [1)1 [1 
each number of sons and 
daughters mabr and ma- 
do 
9 [mado. X mabr. [xx X XO =4{X + XO daughters mabr. and sons) 2 2 
mado 
6 lmado. X mado. |XxX X XO= XX + XO all children mado ZZ 
Total 96 Se 


In the matings macrobrachycephalic X macrobrachycephalic we 
shall meet among the sons more macrodolichocephalic indices than 
among the daughters, and they will occur more frequently than the 
matings mado Xx mado. 

The matings macrobrachy- x macrodolichocephaly will occur more 
frequently than the reciprocal matings macrodolicho- Xx macrobrachy- 
cephaly. In the former matings we shall find more macrodolicho- 
cephalic indices than in the latter. The crossing mado Xx mabr does 
not give at all macrodolichocephalic indices for the daughters. 

The crossing mado Xx mabr gives no cases where all indices are ma- 
crobrachycephalic. This we have also found more or less. This 
crossing however gives macrobrachycephalic indices for the daughters 
and macrodolichocephalic indices for the sons. This we have not found. 

These crossings give for every 16 daughters a total of 9 with brachy- 
cephalic and 3 with dolichocephalic indices; for the sons the numbers 
of brachycephalic and dolichocephalic indices are equal. 

According to our first scheme brachycephaly is recessive in small 
heads. So, now that we suppose that there is sex-linkedness, C will be 
recessively and D dominantly sex-linked. Then among the daughters 
more microdolichocephalic indices are met with than among the sons, 
and among the sons more microbrachycephalic indices than among the 
daughters. There will also be more crossings mido X mibr than mibr. 
X mido. This however we do not find in our material. While, as a 
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general result, there was still some reason to accept that macrobrachy- 
cephaly was sex-linked and dominant, yet we drop the idea of sex- 
linkedness for the heredity of the index, now that the conception that 
microbrachycephaly is sex-linked and recessive, does not go at all with 
our results. 

Also the second scheme of factors of heredity (A and a, B and b, 
C and c), does not offer a better possibility to explain the differences 
found in the sons and the daughters by sex-linked inheritance. If we 
accept that f.i. from the factors B and b, b for the (normalized) short 
head (p. 15) is recessive in respect of the factor B for the (normalized) 
long head, we shall also find here, that these short heads occur more 
frequently in females than in males, and also that the narrow heads 
(aa) occur more frequently in males than in females. And as the male 
is heterozygous for the sex, we shall experience in applying sex-lin- 
kedness for the explanation of the various dominance according to the 
2nd scheme, the same difficulties as we met with in working it out ac- 
cording to the first scheme. 

There is no ordinary coupling because there are not in both sexes in 
the same degree more brachycephalic than dolichocephalic indices. 

So we reject sex-linked inheritance for the explanation of the here- 
dity of the headindex and now pass to examining : 

3. various dominance for both sexes. 

When macrobrachycephaly is dominant in female and recessive in 
male, on the other hand macrodolichocephaly dominant in male and 
recessive in female, the crossing mabr x mado may then be: 


Tab. m. 
Ee d 
e d | 
Brachy Dolicho Brachy Dolicho 
AA x BB = 4AB ei 4AB 
ABB =S 2AB |+ 2BB — 2AB+2BB 
AA X/AB = 2AA + 2AB + 2AA + 2AB 
DRA Bi AA + 2AB | + BB + AA + 2AB +BB 
total mabr. x mado. 13 brachy + 3 dolicho | + 3 brachy | + 13 dolicho 


and the crossing mado X mabr may be: 
BB Xx AA = AB + AB = 16 brachyc. (daughters) + 16 dolichoc. 


(sons). 
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Thus we see that the crossing macrobrachy- XxX macrodolichocepha- 
lic contains among the daughters fewer brachycephalic indices and 
more dolichocephalic indices, and among the sons more brachycephalic 
and fewer dolichocephalic indices than the crossing macrodolicho- x 
macrobrachycephalic. In both crosses the daughters contain much 
more brachycephalic than dolichocephalic indices and the sons much 
more dolicho- than brachycephalic indices. 

When microdolichocephaly is dominant in male and recessive in ds 
male, and microbrachycephaly is dominant in female and recessive in 
male, for the crossings mido X mibr and the reciprocal crossing mibr 
x_mido, the same is of value as what above has been said for the cros- 
sings mabr X mado and mado x mabr. 

In our material we have found that there are more macrobrachy- 
cephalic indices among the daughters (p. 87) than among the sons, 
there are also more and more distinct matings mabr X mado —= mabr 
than mado Xx mabr — mabr. 

In the tab. l and 2 mabr X mado —mabr and — mabr nnb 
and in the tab. 6 and 7 mado X mabr — mabr and — mabr + mibr, 
we find more daughters than sons (p. 59). 

We therefore accept that macrobrachycephaly is dominant to ma- 
crodolichocephaly, but more strongly in the daughters than in the sons. 

We also find more microdolichocephalic indices among the males 
than among the females, both among the fathers and mothers (tab. 
f, 2), and among the sons and daughters (tab. n—gq). There are also more 
and more distinct matings microbrachy- Xx microdolichocephalic = 
microbrachycephalic than microdolicho- xX microbrachycephalic = 
microdolichocephalic. 

In families of the tab. 20 and 25 mibr x mido — mido and mido X 
mibr —= mido, we find more sons than daughters (p. 59). 

So we also accept that microdolichocephaly is dominant to micro- 
brachycephaly but more strongly in the sons than in the daughters. 

Phemonena of dominance, as has been said, are zygotic (p. 7). So. 
according to the Ist scheme, there is dominance of brachycephaly to 
dolichocephaly in large heads and reversed dominance in small heads. 
The dominance is different for the two sexes. Macrobrachycephaly is 
more strongly dominant in the female, macrodolichocephaly more 
strongly dominant in the male. 

In the 2nd scheme, the value of which is still to be examined, there 
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Is a pair of factors A and a, where brachycephaly (mabr p. 19) is 
dominant to dolichocephaly (mido) and another pair of factors B and b 
where macrodolichocephaly is dominant to microbrachycephaly. It 
may appear that also here sex-differences are present, that the domi- 
nance of macrobrachycephaly is stronger for the male than for the fe- 
male and of macrodolichocephaly stronger for the male than for the 
female. 

Presently we shall further go into the significance of various domi- 
nance for the sexes in our material. 

That the mean index of female is greater than the mean index of 
male is therefore in the first place a secondary character of sex, and in 
the second place also the differently strong dominance of macrobra- 
chy- to macrodolichocephaly in female and in male and also the diffe- 
rently strong dominance of microdolicho- to microbrachycephaly in 
male and in female contribute to the fact that the mean index of female 
is greater than that of male. 

In respect of the 2nd scheme the significance of the difference of the 
mean index, of the male and of the female has still to be fixed. 

Our statistical results generally confirm the assumptions. The varia- 
bility of children from parents with brachycephalic indices is greater 
than that of children from parents with dolichocephalic indices. The 
mean index of sons from parents with small heads is somewhat smaller 
than that of sons from parents with large heads. (tab. 4, p. 51). Also 
the number of sons with dolichocephalic indices (tab. R, and #) is from 
parents with small heads greater than the number of sons with brachy- 
cephalic indices. However we do not find the standard deviation (tab. 
l, p. 51) of the index of sons from parents with small heads to be 
greater than from parents with large heads. It is very well possible that 
here non-hereditary variability (e.g. high index of the last child, p. 
1) plays a part. | 

Formerly (1921, c‚, p. 23) we found that the variability of the index 
of children whose parents have brachycephalic indices, is greater than 
of children from dolichocephalic parents. From this it appears that the 
dominance of brachycephaly in the heredity of the headform comes to 
the front. Also the communications in the literature all speak of domi- 
nance of brachycephaly. In a further examination, when so great a 
material may be disposed of (especially of adults) as to make it possible 
that sub classifications of the material for sons and for daughters and 
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for large and for small heads may be formed, we may try to prove 
further statistically the differences of dominance accepted by us for 
male and female. 

4. Patrocliny and matrocliny. 

The various dominance we accepted just now for male and female, 
gives for a crossing and its reciprocal crossing only slight differences 
(tab. 7). 

We shall further examine these differences in our material for the 
crossings mabr X mado and mado xX mabr and for the crossings mido 
Xx mibr and mibr X mido, that we may determine whether perhaps 
another propriety of the heredity of the headindex may be fixed. 

For the examination of our material we have applied a special classi- 
fication (p. 21). The material has been divided into groups, of which 
also the significance of the sex for the heredity of the index has been 
examined, and which may be regarded as samples at random (Chapt. 
Res ZE 

The results in the different groups are divergent. It may be that, 
because the index is compound and because it admits of a great modi- 
fication, the groups are too small. 

We have therefore composed the tables n—g. Tab. » contains all fa- 
milies, the parents of which are brachycephalic and dolichocephalic, 
and also the families, the parents of which have differently high indices 
(thus indices which differ 1.5 and more index-units (p. 12). Tab. o 
contains the reciprocal matings. Tab. p contains the families, both pa- 
rents of which are brachycephalic and differ less than 1.5 index- 
units t). 

From tab. m (p. 53) ensues the following rule for crossings with 
varying dominance of a character for the male and the female, which 
we now wish to compare with the results of tab. n—g. 

|. There are more crossings mabr X mado than mado X mabr. 

2. There are more macrobrachycephalic indices among the daughters. 
than among the sons and more macrodolichocephalic indices among the 
sons than among the daughters in both crossings. 


1) Of families, both parents of wh.ch have brachycephalic indices and differ 
1.5 or more index-units, the indices of the children have on the whole been taken 
up in the column dolichocephalic if they agree with the lowest index. The indi- 
ces of the remaining children have been taken up in the column brachycephalic. 
Likewise for the families, both parents of which are dolichocephalic. 
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3. a. There are more macrobrachycephalic than macrodolichocepha- 
lic indices among the daughters in both crossings (mabr X mado and 
mado Xx mabr). 

b. There are in the crossing mabr X mado among the daughters 
fewer macrobrachycephalic indices than in the reciprocal crossing. 

4. a. There are more macrodolichocephalic than macrobrachycepha- 
lic indices among the sons in both crossings. 

Db. There are in the crossing mabr xX mado fewer macrodolichocepha- 
lie than macrobrachycephalic indices than in the crossing mado X 
mabr. 

1. We find in our material more matings mabr Xx mado than mado 
X mabr, viz respectively 46 and 34 matings (p. 23). 

2. Tab. » shows us that the matings mabr x mado yield 36 % 
macrobrachycephalic daughters and 27.5 % macrobrachycephalic sons 
The matings mado x mabr yield according to tab. p. 47.5 % macro- 
brachycephalic daughters and 42.5 % macrobrachycephalic sons. 

According to tab. » the matings mabr X mado yield 54 % macrodo- 
lichocephalic sons and 33 % macrodolichocephalic daughters and ac- 
cording to tab. o the matings mado Xx mabr 34.5 % macrodolicho- 
cephalic sons and 28 % macrodolichocephalic daughters. 

So in both matings we meet more macrobrachycephalic daughters 
than sons and more macrodolichocephalic sons than daughters. 

If the macrobrachycephalic and macrodolichocephalic indices among 
the children of the 3 other groups of matings from parents with brachy- 
cephalic and dolichocephalic indices, are added to those of the Ist 
group, as has been done in tab. n—g, we get the following result. We 
then find according to tab. # and tab. o, 19 % macrobrachycephalic 
indices among the sons and, 27 % among the daughters in tab. # and 
28.5 % among the sons and 32 % among the daughters in tab. o. And 
for the macrodolichocephalic indices we find 35.5 % macrodolicho- 
cephalic indices among the sons and 21 % among the daughters in 
tab. n and 23.5 % among the sons and 23 % among the daughters in 
tab. 0. 

So we find in all matings of tab. # and tab. o more macrobrachyce- 
phalic indices among the daughters than among the sons and more 
macrodolichocephalic indices among the sons than among the daugh- 
Eens: 

3. a. According to tab. » there are among the daughters 36 % macro 
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brachycephalic and 33 % macrodolichocephalic indices in the matings 
mabr X mado and according to tab. o there are 47.5 % macrobrachy- 
cephalic indices and 28 % macrodolichocephalic indices in the ma- 
tings mado x mabr. So in both cases more macrobrachycephalic than 
macrodolichocephalic indices. 

b. According to tab. #, mabr x mado, there are 36 % macrobrachy- 
cephalic indices and in tab. o, mado Xx mabr, 47.5 % macrobrachy- 
cephalic indices among the daughters. So in the matings mado X 
mabr there are more, which is in accordance with the Srd rule. 

Also for the whole material of tab. # and tab. o, there are more ma- 
crobrachycephalic than macrodolichocephalic indices among the 
daughters in both matings (27 and 21 %, 32 and 23 %). And in the 
mating mado XxX mabr there are more macrobrachycephalic indices 
among the daughters (32 %) than in the mating mabr X mado (27 %). 

4. a. According to tab. » there are in the matings mabr X mado 
among the sons more.macrodolichocephalic than macrobrachycephalic 
indices (54 and 27.5 % and for the whole material 35.5 and 19 %). 

According to tab. o there are however contrary to the 4th rule, fewer 
macrodolichocephalic than macrobrachycephalic indices among the 
sons (34.5 and 42.5 % and for the whole material 23.5 and 28.5 %). So 
there are not, as rule 4b requires, more macrodolichocephalic indices 
among the sons in tab. o mado X mabr than in tab. # mabr x mado. 

Now and then we have already met with this phenomenon and as 
has been said (p. 26, 28) it partly results from the difference between the 
mean index of female and that of male. If we look over the tables 
(column 2, tab. # and o) and their protocols (non-published), and 
compare the families, we see that fam. 34b of tab. 3 and fam. 335 and. 
32g of tab. 4, the mothers of which have all indices smaller than 80.7, 
contain, rather many macrodolichocephalic sons. Also fam. 21, 351, 
182 and 268 of tab. 16 and 17 contain many macrodolichocephalic 
indices among the sons. In tab. o similar families do not occur. So we 
accept that the percentage of macrodolichocephalic indices among the 
sons in tab. ” (54 and totally 35.5) is somewhat too high. 

So the results of the matings mabr X mado and mado Xx mabr, as 
tab. % and o contain, point to the fact that macrobrachycephaly is 
especially dominant to macrodolichocephaly in female, to a less degree 
in male. 

This result is in accordance with the result of the statistical research 
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on the variability of the indices of children from parents with brachy- 
cephalic respectively dolichocephalic indices. 

According to tab. 12 and tab. 13 (1921c) of sons from brachycephalic 
parents o — 3.29 (with omissions 3.24) and from dolichocephalic pa- 
rents 5 — 3.08 (with omissions 2.99). The difference is cbr — odo — 
— 0.21 (with omissions 0.25). For daughters cbr —= 2.975 (with omis- 
sions 2.862) and odo = 2.31 (with omissions 2.20); the difference is 
0.66. So the variability of the index of children from brachycephalic 
and from dolichocephalic parents differs more in the daughters than in 
the sons. 

That the mean index of female is higher than that of male is there- 
fore partly due to different correlation of the dimensions and the index 
(tab. 19, 1922) and partly to various dominance of brachycephaly to 
dolichocephaly in female and in male. 

The various dominance of macrobrachycephaly in female and in 
male and of microdolichocephaly in male and in female may also 
appear in the tables in another way. 

If macrobrachycephaly is dominant to macrodolichocephaly in fe- 
male and, to a less degree in male, there will appear among the matings 
mabr X mado — mabr (tab. 1) and also among the matings mabr X 
mado — mabr and mibr (tab. 2), more daughters than sons. And in the 
matings mado Xx mabr — mabr and mado x mabr = mabr X mibr 
there will likewise appear more daughters than sons. In the matings 
mido Xx mibr — mido + mado, there will be more sons than daugh- 
vers: 

Of all tables we have noted down the number of sons and daughters 
with their indices and united them into 3 groupes. The first group 
includes the tables where the children have only brachycephalic indi- 
ces, the 2nd group includes the tables where the children have brachy- 
cephalic and dolichocephalic indices and the 3rd group includes the 
tables where the children have only dolichocephalie indices. Table 7 
shows us that among the brachycephalic children there are more 
daughters and among the dolichocephalic children more sons. 

In dealing with the different tables (Chapt. III) we have more than 
once pointed out the significance of the different number of sons and 
daughters in the different tables (e.g. tab. 20 and tab. 25). 
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Ener: 
Sons Daughters Sons Daugthers 
Indices of the Childern now 
N N 0, 0, 
brachycephalic — 224 294 44250 PSOE 
brachyc. and dolichoc. 464 514 47.5 PD 
dolichocephalic 102 ne OND 48,57 


This result is also an indication that macrobrachycephaly is more 
strongly dominant in female than in male and microdolichocephaly 
more strongly dominant in male than in female. 

If we consider the crossings macrobrachy- x macrodolichocephalic 
and macrodolicho- x macrobrachycephalic with a view to matrocliny 
and patrocliny, it appears from tab. » that, where the mother is macro- 
brachycephalic, there are among the daughters somewhat more macro- 
brachycephalic than macrodolichocephalic indices; there are 52 % 
daughters; for the whole material of tab. „ the percentage is 56. Tab. 7 
also contains more macrobrachycephalic daughters than sons. For the 
sons we find in tab. „ where the father is macrodolichocephalic, more 
macrodolichocephalic than macrobrachycephalic indices, viz 66 % 
(and for the whole material of tab. # 65 %) macrodolichocephalic indi- 
ces. There are in tab. # more macrodolichocephalic indices among the 
sons than among the daughters. 

So for the crossing mabr Xx mado there is according to tab. », some 
inclination in the indices of the daughters to agree with those of. the 
mothers and in the indices of the sons to agree with those of the fathers 

In tab. o, where the index of the mother is macrodolichocephalic, 
there are fewer mado than mabr indices among the daughters. There 
are also fewer mado indices among the daughters than among the sons. 
In tab. o, where the index of the father is mabr, there are among the 
sons more mabr than mado indices and fewer mabr indices among the 
sons than among the daughters. 

For the crossing mado X mabr, we find according to tab. # no indi- 
cation of matrocliny and only a slight indication of patrocliny. 

If we compare tab. „ and tab. o, we see that in tab. », where the 
mother is macrobrachycephalic „there are among the daughters fewer 
mabr indices than in tab. o, where the mother is macrodolichocephalic 
In tab. w, where the father is macrodolichocephalic there are more 
mado indices among the sons than in tab. 0. 
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This difference probably bears relation to the fact that tab. # mabr 
x_mado, where the mother is brachycephalic, will contain more doli- 
chocephalic indices among the sons, because the mean index of female 
is higher than that of male (p. 58). Probably it cannot be taken as an 
expression of patrocliny. 

In tab. o where the mother is macrodolichocephalic there are among 
the daughters fewer macrodolichocephalic indices than in tab. », where 
the mother is macrobrachycephalic (28 and 33 %; not for the whole 
material 23 and 21 %). 

Also with this difference we must take into consideration that in 
tab. » mabr X mado, the number of dolichocephalic indices of the 
daughters perhaps tends somewhat upward, because the mean index 
of female is higher than that of male. So there is a slight indication of 
matrocliny. 

In tab. o, where the father is macrobrachycephalic, there are among 
the sons more macrobrachycephalic indices than in tab. », where the 
father is macrodolichocephalic. Also here we must take into conside- 
ration that the number of macrobrachycephalic indices among the 
sons in tab. # probably tends downward. 

I think Il may conclude that in our material, we find no or only an 
uncertain indication of patrocliny, respectively matrocliny in the here- 
dity of macrobrachy- and macrodolichocephalic indices. (p. 64). 

That in our material on the whole, in the heredity of the index no 
influence is present, particularly of the mother on the daughter and of 
the father on the son, appears from the result of our statistical research 
(1921, p. 24). We have found for the correlation of fathers and sons, 
yr —.202 + .024, for fathers and daughters r =.242 + .22. So for 
fathers and sons we find a smaller coefficient of correlation (slighter 
heredity) than for fathers and daughters. The small coefficient of corre- 
lation of fathers and sons bears relation to the great variability of ma- 
les. For mothers and daughters we find r —= .324 + .019 and for mo- 
thers and sons r —= + .251 + .022. For mothers and daughters we find 
a greater coefficient of correlation than for mothers and sons, perhaps 
not as an expression of matrocliny, but because the variability of the 
index of the sons is greater than that of the daughters. 

For the heredity of the microdolicho- and microbrachycephalic 
index we find, in respect of varying dominance in tab. » and tab. o the 
following: ) 
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If microdolichocephaly is dominant to EN espe- 
Ben in male, we must expect (Cf. tab. m, p. 000): 

. There are more crossings microbrachy- xX microdolichocephaly 
Rn microdolicho- X microbrachycephaly. 

2. There are more microdolichocephalic indices among the sons than 
among the daughters and more microbrachycephalic indices among the 
daughters than among the sons in both crossings. 

3. a. There are more microdolichocephalic than microbrachycepha- 
lic indices among the sons in both crossings. 

b. In the crossing microdolicho- Xx microbrachycephalic there are 
among the sons fewer microdolichocephalic indices than in the reci- 
procal crossing. 

4. a. There are more microbrachy- than microdolichocephalic indi- 
ces among the daughters in both crossings. 

b. In the crossing microdolicho- Xx microbrachycephalic there are 
fewer than in the crossing microbrachy- XxX microdolichocepha- 
Lies 

|. There are considerably more crossings microbrachy- x microdo- 
lichocephalic than microdolicho- Xx microbrachycephalic (28 and 12 
matings). 

2. In tab. #, microbrachy- X microdolichocephalic, there are among 
the sons more microdolichocephalic indices than among the daughters. 
Likewise in tab. o. For the whole material of tab. # and of tab. o the 
numbers are equal. 

3.a. In tab. # microbrachy- X Ree there mars 
among the sons as many microdolicho- as microbrachycephalic indices. 
In tab. o microdolicho- Xx microbrachycephalic there are among the 
sons more microdolicho- than microbrachycephalic indices. For the 
whole material of tab. o the numbers are equal. | 

To the higher percentage of microdolichocephalic indices of the sons 
in tab. o, not much value must be attached. The numbers are small, 
and if we consider the different families, it seems possible that in fam. 
32c and fam. 253, with almost only dolichocephalic indices, we have to 
do with dominance of microdolichocephaly. 

3. b. In the crossing microdolicho- Xx microbrachycephalic, tab. o, 
there are among the sons more microdolichocephalic indices than in the 
reciprocal crossing microbrachy- x microdolichocephalic, tab. #. For 
the whole material of tab. o and tab. # the difference is very small 
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(23.5 and 22.5 %). This result is contrary to rule 35 for crossings with 
varying dominance for the male and the female. 

4, a. Among the daughters there are in tab. o as many microbrachy- 
as microdolichocephalic indices; for the whole material there are more 
microdolichocephalic indices (38 and 38 %; 20.5 and 24 %). In tab. » 
there are more microbrachy- than microdolichocephalic indices among 
the daughters (45.5 and 33.5 %; 30 and 22 °%). 

4, b. In the crossing microdolicho- Xx microbrachycephalic, tab. o, 
there are fewer microbrachycephalic indices among the daughters than 
in the crossing microbrachy- X microdolichocephalic. 

So the indications in the tables # and o for varying dominance for 
the two sexes in the heredity of microdolicho- and microbrachycephalic 
are slight. The numbers are small and there is paralyzing non-hereditary 
variability. Also the sum of headlength and headbreath is an insuffi- 
client indication for the headsize. 

Certainly however there are in our material families with dominance 
of dolichocephaly and this dominance is not equal for the two sexes. 
Also in the tables this varying dominance manifests itself here and 
there (tab. 25, all children dolichocephalic p. 24f, 16 sons and 9 daugh- 
ters, tab. 26 all children brachycephalic, p. 24f, 8 sons and 22 daugh- 
ters. 

In respect of matrocliny and patrocliny the matings microdolicho- 
X_microbrachycephalic and microbrachy- Xx microdolichocephalic 
show according to tab. # and o the following. 

In tab. „where the mother is microbrachycephalic, there are among 
the daughters more microbrachycephalic indices (45.5) than in tab. o 
where the mother is microdolichocephalic (38 %). For the whole ma- 
terial of tab. n and o these figures are 30 and 20.5 %. In tab. o where 
the mother is microdolichocephalic, there are among the daughters 
more microdolichocephalic indices (38 %) than in tab. „, where the 
mother is microbrachycephalic (33.5 %). For the whole material of 
tab. # and o these figures are 24 and 22 %. In tab. # where the father is 
microdolichocephalic there are among the sons fewer microdolicho- 
cephalic indices (40.5 %) than in tab. o where the father is microbra- 
chycephalic (48 %). For the whole material these figures are 22.5 and 
23.5 %. In tab. o where the father is microbrachycephalic there are 
among the sons fewer microbrachycephalic indices (39 %) than in tab. 
n where the father is microdolichocephalic (40.5 %). For the whole 


64 INDEX AND SEX 


material there is a small difference in inverse proportion (24 and 
DEAN \ 

So for the crossings microbrachy- X microdolichocephalic there are 
slight indications of matrocliny. If we take into consideration the small 
number of crossings, by which some families (eg. fam. 19 tab. 28, which 
may be a case of dominance of microdolichocephalic) may have a great 
influence on the final result, we may attach only small value to, the 
result. 

The phenomenon of matro- and patrocliny has been more than once 

observed with mendelian segregations. One has tried to explain the 
divergent numbers of segregation by partly sex-linkage. For his expe- 
‚“rience with Drosophila BRIDGES sought for a more satisfactory expla- 
nation and calls non-disjunction the assumption that now and then 
combinations of factors do not disjoin in the forming of the zygote, but 
pass into the form as they were present in the mother, respectively in 
the father. In this way there appear among the daughters more indivi- 
duals corresponding with the mother and among the sons more indivi- 
duals corresponding with the father. So non-disjunction is a pheno- 
menon of sex-linked inheritance. BRIDGES gives a survey of the litera- 
ture of the mendelian segregations which may be explained in this way. 
Also A. VON TSCHERMAK (1919, p. 359) found that in his experiments 
with fowls, the daughters agree with the mother and the sons with the 
father. 

If we accept that non-disjunction takes place for the factors of here- 
dity of the headform, this will happen for the factors A and B as well 
as for C and D. To determine this quality in the material we may there- 
fore join the macro- and microbrachycephalic and macro- and microdo- 
lichocephalic indices. If we do so, we find among the daughters 57 % 
brachycephalic indices in tab. # and 53 % in tab. o, and among the 
sons 58 % dolichocephalic indices in tab. # and 47 % in tab. o. These 
figures indicate what may be expected in the case of non-disjunction. 
They are not to be attributed to the influence of the composition of the 
tables, i.e. of the fact that the mean index of the female is higher than 
that of male. If we take this influence into account, the percentage ot 
brachycephalic sons in tab. wbecomes greater through it and the per- 
centage of dolichocephalic sons smaller,, and so will differ less from the 
corresponding figures of tab. o. However the number of brachycephalic 
daughters also becomes greater than in tab. # and the number of doli- 
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chocephalic sons smaller. Through this, the differences with the corres- 
ponding figures of tab. o becomes still greater. 

Already before (1919, p. 358, 359) I draw the attention to this phe- 
nomenon. 

BRyN (1920 p. 209) finds something like that: The sons are markedly 
more pronounced brachycephalic than the daughters in the cases whe- 
re the brachycephaly is due to the father, whereas in the cases where 
the brachycephaly is due to the mother, the daughters are more pro- 
nounced brachycephalic than the sons (p. 61). 

Tab. p and tab. q give a survey of the crossings brachy- x brachy- 
cephalic and dolicho- x dolichocephalic. They have been composed 
in the same way as the tab. # and 0. 

If there is varying dominance, the crossing macrobrachy- X macro- 
brachycephalic may be represented by the formula AA x AA = AA 
and Aa Xx AA —= Aa + AA + Aa + AA, of which one half of the 
number of indices of the sons is dolichocephalic. The crossing macrodo- 
licho- Xx macrodolicho-cephalic may be represented by the formula 
BB x BB = BB and BB x Bb = BB + Bb + BB + Bb, of which 
one half of the number of indices of the daughters is brachycephalic. 
There follows from the formulae that with varying dominance the 
number of matings macrobrachy- X macrobrachy-cephalic is as large 
as the number of matings macrodolicho- x macrodolichocepha- 
WS 

In the heredity of the index the number of matings macrobrachy- 
x macrobrachycephalic is greater than the number of matings macro- 
dolicho x macrodolichocephalic, because macrobrachycephaly is do- 
minant to macrodolichocephaly but more strongly in female than in 
male. 

Tab. p contains in the matings macrobrachy- XxX macrobrachy- 
cephalic among the sons 34.5 % macro-dolichocephalic indices and 
among the daughters 41 %. For the whole material of tab. p these 
figures are 27 and 22 %. 

The number of families is small, the distribution of the indices 
among the children is different. As for the deviating number of macro- 
brachycephalic sons, it is of importance that of fam. 376 with 7 sons 
and 1 daughter (tab. 14), 6 sons have brachycephalic indices. We want 
to observe here further that fam. 209 of tab. 62 (p. 25,m ) contains 4 sons 
with macrodolichocephalic indices and only 1 son with a macrobrachy- 
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cephalic index. Fam. 171 of tab. 62 contains 3 macrobrachycephalic 
daughters and no macrodolichocephalic. Here, with a relatively small 
number of families, one single extreme family influences the final re- 
sult one-sidedly. 

Tab. g contains in the matings macrodolicho- x macrodolichocepha- 
lic among the daughters more macrobrachycephalic indices than 
among the sons. For the whole material the figures are 29 and 23 % 
The numbers are however here so small that only very little value to 
this result may be attached. So we find among the matings macrobra- 
chy- x macrobrachycephalic and macrodolicho-“x macrodolichoce- 
phalic slight indications of a various dominance in male and in female 
of macrobrachycephalic. 

As for the crossings microdolicho- Xx microdolichocephalic and mi- 
crobrachy- Xx microbrachycephalic, the number of matings microbra- 
chy- X microbrachy cephalic amounts to 25, and the number of ma- 
tings microdolicho- x microdolichocephalic.to 20 (55.5 and 44.5 %). 
The number of matings macrobrachy- Xx macrobrachycephalic is 46 
and the number of matingsmacrodolicho- xX macrodolichocephalic is 
28 (62 and 38 %). So there are relatively more matings microdolicho- 
Xx microdolichocephalic than macrodolicho- Xx macrodolichocephalic. 
This proves for an experience of dominance of microdolichocephaly. 

The number of microdolichocephalic indices is in the crossings mi- 
crobrachy- X microbrachycephalic among the sons somewhat greater 
than among the daughters (tab. p 21.5 and 20 0). The great number of 
microdolichocephalic indices among the sons in the group microbra- 
chy- Xx microbrachycephalic is caused by fam. 271 with 5 microdoli- 
chocephalic indices and not a single microbrachycephalic index; both 
parents in this family have low indices, 80.5. | 

The number of microbrachycephalic indices is in the crossings micro- 
dolicho- x microdolichocephalic among the daughters somewhat 
greater than among the sons (tab. q 30 and 27 %). 

The number of these crossings are so small that also here to en 
results only slight value may be attached. 

So we find for the crossings microbrachy- x microbrachycephalic 
and microdolicho- Xx microdolichocephalic a slight indication of various 
dominance for male and for female of microdolichocephaly. That the 
percentages for the different indices in tab. p and q generally differ so 
httle, may serve as a support for the conception that the index is a 
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compound character and that its heredity rests upon the presence of - 
multiple factors. In the figures of the matings dolicho- x dolichoce- 
phalic like in those of the matings brachy- x brachycephalic of tab. p 
and g is especially shown that the mean index of female is higher than 
that of male. 


GELA DrKev 
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.….. die Wege zu erschauen, 
auf welchen die Erkentniss fort- 
schreitet. Macn, 

In the manner as the material in the foregoing investigation has 
been dealt with, thus on the basis of the polymery theory, the terms 
brachycephaly and dolichocephaly have undergone some alteration. 
We now speak of factors for brachycephaly, resp. for dolichocephaly 
and understand by them factors, increasing, resp. decreasing the index 
with a certain amount. Thus indices contain factors both for brachy- 
cephaly and for dolichocephaly. The extremely high and the extremely 
low indices alone, contain factors only for brachycephaly, resp. for 
dolichocephaly. The terms brachycephaly and dolichocephaly, as used 
otherwise, thus in the sence of indices being greater, resp. smaller than 
80, represent compound magnitudes: a brachycephalic index is 
brought about through the presence of some factors for brachycephaly. 
The same indices may be different compositions of factors. 

The appearance of small headsizes among the children in families, 
both parents of which have large heads, resp. of large headsizes where 
both parents have small heads, immediately follows from our assump- 
tion, that the heredity of the headsize rests on multiple factors, toge- 
ther with the heterozygotes being intermediate. In large heads f.1. there 
will always be some factors present in the heterozygous form, which 
factors in the crossing will therefore yield also small heads. In the 
group macrobrachy- X macrobrachycephalic f.1. we shall therefore 
meet few families with many children, which all have large heads 
(tab. 1), more families however, where the children have both large and 
small headsizes (tab. 2,) a.s. o. Besides there is with respect to the 
headsize a high degree of non-hereditary variability. 

We shall rarely meet with one phenomenon of heredity of the cepha- 
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lic index in a family. In the instances where the indices of the parents 
are simply composed ‚so that many pairs of factors of heredity are the 
same and homozygous, one group of factors may characterize the indi- 
ces of the children. One group of factors for brachycephaly and one for 
dolichocephaly fi. (nAA Xx nBB), shows then dominance of brachy- 
cephaly; one group of factors in both parents in a heterozygous form 
(nAB x nAB) shows segregation, a.s.0. 

The compound construction of the indices prevents most times that 
there are such simple phenomena of dominance or of segregation. lf 
e.g. in tables of families which show segregation so according to the 
formulae AB x AB, or CD x CD, the crossings AA x BB appear, the 
indices of the children will increase and if the crossings CC x DD 
appear, they will decrease. 

The study of the different families, as they are ranged in the tab. 
1—74, teaches us that in the heredity of the headindex dominance pre- 
sents itself, viz of macrobrachycephaly to macrodolichocephaly and of 
microdolichocephaly to microbrachycephaly. 

If in matings where dominance of brachycephaly occurs, the latter 
could be represented by the formula DD x RR = DR, we would ex- 
pect that both grandparents of the brachycephalic parent are both 
brachycephalic., 

In the tables bearing upon this mating, there are some families where 
both grandparents are not macrobrachycephalic. In our 2nd study 
(1921c, chapt. 3) we have accepted prepotency in these families. We 
have seen that the heredity of the index in these families may also be 
explained full well by multiple factors and dominance of macrobrachy- 
cephaly (p. 45). 

Also the surpassing of the indices of the parents in an upward or 
downward direction by the indices of the children may be explained 
full well by the assumption of multiple factors and reversed dominance 
(p. 6). We found it confirmed in our investigation of the different 
matings (not published). Besides prepotency may occur as a physiolo- 
gic character of the zygote. 

We have accepted many non-identical, but little different, factors to 
explain the hereditary differences of the indices, while the factors 
often appear in groups. In this manner great differences among the 
indices of the children may be explained. The passing into groups of 
factors takes in the place of mutually very different factors. A good 
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example we met in fam. 179d. Likewise with the headsize the passing 
of factors into groups occurs. (e.g. fam. 130,). In this way can also be 
explained, that a deviating index or headsize of one of the parents or 
grandparents occurs among the children. In our formulae we regularly 
meet with groups of terms; in reality the cases will be rather rare. 

We have accepted factors for the form and not for the dimensions of 
head separately. (p. 1—5). 

Besides factors for the index, thus for the form, there are factors for 
the size. 3 

We have not chosen factors exercising influence both on form and 
size together. (p.-11). The fact that the alteration of form is not always 
brought about in the same way when the size alters, namely that the 
correlations between length, breadth and height in large heads dirfer 
from those in small heads, cannot be expressed in this scheme. Neither 
is this possible for the phenomena of dominance for large and for small 
heads. Also the fact, that in the heredity of the headsize the hetero- 
zygotes are probably intermediate, while the heredity of the form 
(index) shows phenomena of dominance, is contrary to this scheme. 

In my opinion the principles applied in this paper meet in the simp- 
lest way the relation between form and size. 

There are equal numbers of multiple factors for the headform and for 
the headsize. Form and size have a close cooperation. 

I think that strictly speaking, with investigations of heredity of di- 
mensions, we must always take into account the correlation of the di- 
mensions. So we must not examine the heredity of leaflength and of 
leafbreadth, but of the lengthbreadth index in connection with the 
size. In the same way it is better to investigate the index of beans and 
not the dimensions (LEircH, 1921). There are form units and size. 
units, and in equal numbers. 

W. Scuerpr (1923, p. 99) and E. FISCHER (1924, p. 38) would moreo- 
ver like to accept the heredity of the dimensions of head. 

Another remark about our factors of heredity we make in conse- 
quence of JOHANNSEN's criticism (1907) on the use made by anthropo- 
logists of the headindex. 

In our first study (1922, p. 511) we have largely dealt with JOHANN- 
SEN's paper.We could give to JOHANNSEN’s experience on the sign“fi- 
cance of the headlength for the index, which was already made by 
Boas, a general significance. We think that for different classes of 
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length the index is different, because great length is accompanied by 
greater height and in a less degree by greater breadth and small length 
by greater breadth and in a less degree by greater height. Similar rules 
may also be laid down for the breadth and for the height (1922, p. 526). 

Now JOHANNSEN wishes to correct the rough indices by determining 
for each class of length the mean index, and by increasing or decreasing 
a given index by the difference between the mean index of the whole 
material and the mean index of the class of length to which the given 
index belongs. JOHANNSEN demonstrates this for his pure lines of 
beans, but remarks that also to populations this correction may be 
applied because in all pure lines the phenomenon is present, be it in 
a different measure. 

What we have done, comes to the very thing as what JOHANNSEN 
wishes. On determining the formula for the index, we have in each gi- 
ven case taken into account the size of the head, and determined accor- 
ding to it the number of A and C, respectively B and D factors. A and 
B factors represent a different correlation between length, breadth and 
height than C and D factors. 

We have accepted that A and B factors increase respectively de- 
crease the index by 1.5 units, and the C and D factors by 2 units. So in 
our scheme the index is represented by a different formula according to 
the headsize, the rough indices are corrected in connection with the 
headsize. 

On account of the presence in the formulae of the indices for diffe-, 
rent classes of dimensions of a different number of A and a, B and b, 
and C and c factors (p. 15), also the second scheme would be able to 
explain the difference between the mean indices of the classes. 

Every dimension of head is composed of three elements according to 
the 2nd scheme. Headlength f.1. is increased by B factors, a factors 
and c factors. For different length classes the number of these factors 
is different and therefore the mean index of the different length classes 
is also different. The same is true for the breadth and for the height. 

In the phenomenon of JOHANNSEN we have the direct refutation of 
the opinion of JOHANNSEN that the dimensions are , 
Fakta” (1921c,p. 196). Form-units are elementar facts. 

As to the connection of index and capacity we have found in our 
material that there is no sensible correlation between index and capa- 
city. Wefound (1922, p. 527) rm — —0.036, rf = —0.0235, and (1921c, 
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p- 248) that the mean index of small heads is a little larger than of large 
heads. We remember also the results of PEARSON and others (1922, 
p.'532): 

This finding of no sensible correlation between index and capacity 
may be in accordance with our idea that there are different sets of fac- 
tors for high and for low indices with large and with small heads. (A 
and B, C and D factors, p. 13). 

When we look at the case more closely then there is some difference. 
Macrobrachycephaly is dominant to macrodolichocephaly ; microdoli- 
chocephaly is dominant to microbrachycephaly. The dominance of 
macrobrachycephaly is with the female more evident than with the 
male; of microdolichocephaly the dominance is stronger for the male 
than for the female. 

With large heads the heterozygotes will have in the female a little 
higher mean index than with small heads. And in the male the hetero- 
zygotes will have with small heads a little lower mean index than with 
large heads. There would be then a small positive correlation between 
index and capacity. We did not find it. We found a very small negative 
correlation. In tab. l we found that in the males the mean index of large 
heads is a little higher than in small heads (p. 51). 

BRYN (1920) accepts for a small material three biotypes, one for 
brachycephaly, one for mesocephaly and one for dolichocephaly, in 
which cases brachycephaly is dominant to mesocephaly and to 
dolichocephaly, while dolichocephaly is dominant to mesoce- 
phaly. 

At the beginning of my study, I wished to accept for my material 
that microbrachycephaly was hypostatical with respect to macrobra- 
chy- and dolichocephaly (1917, p. 874). In my further examination this 
assumption met with too great difficulties. (Families microbrachy- X 
microbrachycephalic did not yield only microbrachycephalic children; 
c.f. fam. 3d p. 000. Besides we do not find microbrachycephaly as ex- 
tracted recessiveness from large heads). 

The hypothesis of BRYN seems to me to have only a provisional 
value. 

BRYN involves also observations of JÖRGENSEN in his examination 
and finds there (tab. 12 and 13) no dominance of brachycephaly. He 
thinks it most probable, that the dolichocephalic part of the parents is 
in this case only phenotypically dolichocephalic. It is possible that also 
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in the material of Tydalen and the Faroes varying dominance of bra- 
chycephaly is present in the way as accepted here 4). 

It is certain that sex is of importance for the heredity of the head- 
form The mean index of female is higher than that of male, partly as 
secondary character of sex. What further contributes to this difference 
could not be defined with certainty. The different tables 1—74 (chap- 
ter III) of themselves have not yielded certain results. If we look over 
the families of the different tables, the great differences will sometimes 
appear. 

The investigation of tab. f,g (Chapt. II, p. 26, 27) and of tab. n—g 
(Chapt. IV, p. 56) has taught us that the heredity of the index in male 
is not quite the same as in female. We can best explain the difference 
as different dominance of macrobrachycephaly to macrodolichocepha- 
ly and of microdolicho- to microbrachycephaly. 

There are also some indications for the assumption of matrorliny 
and patrocliny taken as non-disjunction (BRIDGES). 

For the greater variability of the index in male than in female we are 
still in want of the mendelian explanation. 

We have not reckoned with the differences we found of dominance 
in female and in male in drawing up our formulae. 

We have accepted for the headsize that the heterozygotes are inter- 
mediate (p. 11, 12). We insert here the discussion of tab. 7, composed of 
our material that gives us some indication yet on the heredity of the 
headsize. 

Table 7 has been brought about in the following way. Let us consider 
a family, for which the formulae have been drawn up, e.g. fam. 243, (not 
published). Each family contains, as we know, 19 factors. If we compare 
in this case the formulae of the parents, we see that AA factors always 
come together with AA factors and BB factors, likewise DD factors 
with CC factors and DD factors. So each factor for the father and for 
the mother indicates the same headsize. Of course it may occur in 
other cases that AA sometimes comes together with CC, BB with DD 
a.s.o., so that therefore a factor for the parents indicates a different . 
headsize. This been has investigated and noted down for each family, 
and columns 5—7 of tab. 7 indicates the results. 

For tab. 1—5 we find, that in 20 families for which the formulae have 
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been drawn up, 27 times, a factor gives a different headsize for the 
parents. As each formula contains 19 factors, the factors of the formu- 
lae of the parents may 19 times show different headsizes; thus for tab. 
15.20 X-19,5380times! Sorin tabl or2Zend S= nn ROEREE 
cases, different factors for the headsize occur in the parents. 

For the children we see in columns, 2—4 of tab. 7 that in fam. 243, 
_ the first factor is 2 times AA and 5 times CC, thus 2 times there is a 
deviating headsize. The 2 nd factor is 2 times CC and 5 times AA; 
thus here also a deviating headsize is found 2 times. In this way we 
find how many times for all factors a deviating headsize occurs. In 
columns 2—4 of tab. 7, we see, that in tab. 1—5 in 88 children of 20 
families, 95 times a deviating headsize occurs. As each factor may de- 
88 XxX 19 


vlate, we calculate the percentage of deviations thus: 95 : Te 


0.68, 

We learn from tab. 7, that the tab. 1—35 where according to our de- 
finition both parents have the same headsizes, in 8 % of the cases the 
deviating headsize appears. In the tab. 36—74 where both parents have 
different headsizes, the percentage of the deviating headsize amounts 
to 15. These two percentages 8 and 15, show us in what measure the 
headsizes of the parents in both large groups of families (tab. 1 —35 and 
tab. 36—74) differ (p. 22). 

ÀAs for the headsizes of the children, we learn from tab. 7, that in the 
tab. 1—19, where both parents have large heads, in 5.89 % of the cases 
a deviating headsize occurs, in tab. 20—35 where both parents have 
small heads, this percentage is 6.03. Of families where both parents 
have large heads, the number of cases, that the factors indicate a diffe- 
rent headsize, is about as large as of families where both parents have 
small heads (5.89 and 6.03 %). This result points out, that in the here- 
dity of the headsize the heterozygotes are intermediate. 

Tab. 36—74 contain the families both parents of which have diffe- 
rent headsizes. Here the percentage of divergent headsizes among the 
children is somewhat greater than in the foregoing group and on an 
average 6.99 9%. This result may have the following significance. 

In the group where both parents have large heads, parents occur 
with very large heads down to parents with heads somewhat larger 
than mediocrely large. If we call the factor for a large head A, for a 
small head B, we shall find especially the formulae AA and AB. In the 
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group where both parents have small heads (tab. 20—35) we shall find 
especially the formulae BB and AB. These formulae yield the follo- 
wing matings AA x AA =AA,AB Xx AA =AB + AA, AB x AB= 
— AA + 2AB + BB, and BB Xx BB = BB, AB Xx BB = AB + BB, 
AB xX AB = AA + 2AB + BB. 

When there is no dominance, we must expect in both groups the 
same number of different headsizes (we find 5.80 and 6.03 %). 

In the group where both parents have different headsizes (tab. 
36—74) we find the matings AA Xx BB = AB, AB x AB = AA + 
+ 2AB + BB, AA Xx AB = AA + AB,and AB X BB = AB + BB. 
In this group (tab. 36—74) we find more heterozygotes than in the first 
group (tab. 1—35) in the relation, of 15 : 12 and as in heterozygotes a 
greater variability is found, the greater percentage of different head- 
sizes may be explained by it. 

If the heredity of the headsize was not intermediate, but if e.g. the 
large head was dominant over the small head, then in the families 
where both parents have large heads would appear the formulae 
AA x AA, AA x AB, and AB XxX AB, and in the families where both 
parents have small heads only the formulae BB x BB and perhaps 
sometimes the formulae BB x AB and AB x AB. The number of 
children with different headsizes would in both cases not be 
equal. 

In the whole material (p. 22) we have applied 6.4 % inversions (of 
A in C, B in D); 5.95 % in the families, where both parents have the 
same headsizes and 6.99 % in the families, where both parents have 
different headsizes. This is not a very great number. Neither were most 
times great the difficulties we experienced in drawing up the formulae 
for the indices of the different families. The reason for it is that the 
formulae in many cases have only a provisional value. As of most fa- 
milies we know only two generations (parents and children) there is 
nearly always a great possibility to select the formulae. Are three ge- 
nerations of a family known, the drawing up of the formulae is more 
difficult and the formulae of the parents are determined from one side 
by the children and from the other side by the grandparents. 

If after a number of years we could complete the families with a new 
generation, in many formulae alterations had to be made. The manner 
we followed is quite the same as that which is applied in making bree- 
ding tests. Also here we often begin with drawing up a provisional for- 
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mula, that is altered by the results of following cultures and thus ob- 
tains a higher degree of security. 

Most probably there appear in our- material in the formulae of the 
parents more factors in a heterozygous form than we have accepted 
and surely the different terms of the formulas of the parents will come 
together in a more irregular way. 

SCHREINER's conclusions (1923) are grounded on the experiences of 
the difficulty of the investigation of the heredity of the headform 
(p. 445). The index is taken as a poor means to express the headform 
and the attention is drawn to the significance of the integral parts of 
the skull for the heredity. Finally the conclusion is that the headform 
has come about by a cooperation of different factors of heredity, and 
also of other moments, the nature and significance of which are still to 
be investigated. 

My conclusion is not so little hopeful. The heredity of the headföfm 
is a problem of anthropological, biological and also practical significan- 
ce being compound but of which we are able however to indicate a 
direction in which the investigation has to be taken. 

The headindex 1.e. the length-breadth index is an important means 
of expressing the headform. That we may still further determine its 
significance, it will be necessary to examine the heredity of the three 
headindices. 

So far the investigation has taught us that brachycephaly is domi- 
nant to dolichocephaly. In the second place there is also dominance of 
dolichocephaly to brachycephaly. This is not simply reversed domi- 
nance. But here different pairs of factors are active. 

We may have to deal either with multiple pairs of factors A and B 
for brachycephaly and dolichocephaly in large heads, being active as 
C and D factors in small heads, or with pairs of factors A and a for 
brachycephaly and dolichocephaly, being active as factors for greater 
and smaller breadth and at the same time for smaller and greater 
length and height, factors B and b for dolichocephaly and brachyce- 
phaly, being active as factors for greater and smaller length and at the 
same time for smaller and greater breadth and height, and factors C and 
c for hypsicephaly and chamaeocephaly, being active as factors for grea- 
ter and smaller height and at the same time for-smaller and-greater 
breadth and length. All three pairs of factors have besides their princi- 
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pal effect on one index, at the same time secondary effects on the other 
indices (tab. c, d, p. 16). | 

In both schemes the results of the investigation of the heredity that 
there is dominance of brachycephaly but also recessiveness find their 
places. 

A serious objection against the second scheme is, that the variability 
of the indices of children of brachycephalic parents is larger than that 
of dolichocephalic parents, or in general that dominance of brachy- 
cephaly occurs much more times than that of dolichocephaly. There- 
tore is no ground according to the 2nd scheme, where A (macrobrachy- 
cephaly, broad) is dominant to a (microdolichocephaly, narrow) and B 
(macrodolichocephaly, long), dominant to b (microbrachycephaly, 
short). According to the first scheme this objection does not exist, 
dominance of dolichocephaly only occurs there with small heads (ii), 
and there are much more II and Ii than ij combinations. 

According to the 2nd scheme and with normalized heads (p. 18) the 
short brachycephalic head will contain many bb terms. The headlength 
will be little variable here. In the same way the narrow dolichocephalic 
head will contain many aa terms; so the headbreadth will be here little 
variable. When there will be gathered good material, then diverse 
questions with respect to the 2nd scheme may be inquired, of which the 
solution will contribute to the knowledge of the cephalic index (p. 19, 20.) 

Also with respect to the relation between index and sex the investi- 
gation has so far yielded something. The phenomena of dominance are 
different for the two sexes. 

My conclusion is that with the investigation of the heredity of the 
headform, we are in the way of the development of the experimental 
mendelian research, that these investigations therefore also contribute 
to that development and that conversely from the results which the 
mendelian experimental research yields on so many a domain may be 
expected, that continued investigations of the heredity of the head- 
form in a sence as applied here, will also yield results for the knowledge 
of that heredity. moreover results of hereditary researches cast light 
on facts that are already known and got by other methods. 

The significance of the cephalic index rests in its being a hereditary 
property. A. RETzIUS intuitively accepted this heredity. Through scien- 
tific research it must be known. 


At the end of the manuscript I got acquainted through a treatise of 
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E. FiscHeRr (1924) with the publications of AUERBACH (1912), SZOM- 
BATHY (1918) and HauscHiLp (1921). They confirm my opinion that 
my researches participate in the development of the index problem. 
AUERBACH (1912) writes after rejecting the objections that were raised 
from anthropological side against the cephalic index: „.... für die 
anthropologische Wissenschaft bleibt die Verpflichtung bestehen die 
Schädelform, die sie zur Grundlage von Einteilungen und Untersu- 
chungen macht, auch positiv als ein konstantes und vererbbares Merk- 
mal zu erweisen.”” Then AUERBACH points to the difficulties that are con- 
nected with taking up the cephalic index as „Erbeinheit’”’, and reminds 
us of the double nature of brachycephaly as shortheadedness and wide- 
headedness and of dolichocephaly as narrowheadedness and long- 
headedness. WALDENBERG (1902) already used to speak of eurycephaly 
(wideheadedness) and brachycephaly (shortheadedness) and of doli- 
chocephaly (longheadedness) and leptocephaly (narrowheadedness). 

SZOMBATHY (1918) draws the attention to the significance of the 
normalised head. As such he takes the cubic contents of the skull at 
1000. By SZOMBATHY’s method long, narrow, wide and short skulls we- 
re taken apart. A group of brachycephalic skulls may be divided into 
two groups, short and wide ones. It is clear that what SZOMBATHY takes 
as possibility here, was taken as a requirement by mein applying the 2nd 
scheme (p. 18). Likewise FISCHER (1921, S. 442) draws the attention to 
the possible significance of SZOMBATHY'smethodfor biological questions. 

HAUSCHILD's research (1921) is the second in which he discusses the 
heredity of the headform. His first research (1916) I discussed in my 
second study on the heredity of the headform (1921, p. 195). I said 
there of that investigation that it is not dear, that some conclusions are 
deficient and that I can attach little value to it as mendelian work. 
Now that I have read HAUSCHILD’s second research (1921) I think I see 
some correspondence in his considerations with my ideas in my second 
scheme. HAUSCHILD however thinks the dimensions of head in them-_ 
selves may suffice for a scheme of heredity and he does not distinguish 
in the value of each dimension of head the share of the headsize and of 
the headform. 

I arrive at the conclusion that further investigation according to the 
rules of AUVERBACH, SZOMBATHY, HAUSCHILD and myself will promote 
our knowledge of the heredity of the headform and the significance of 
the headindex. 


SUMMARY 


The heredity of the headform must be expressed by factors for the 
form. Factors for the three dimensions of head of themselves cannot 
explain the heredity of the headform. 

The heredity of the headform and that of the headsize are indepen- 
dent. There are factors of heredity for the headform and for the head- 
size. The factors for the headform show dominance, of those for the 
headsize the heterozygotes are probably intermediate. 

For the heredity of the headform and that of the headsize we have 
accepted an equal number of multiple (polymere) factors. 

For the heredity of the headform there is moreover multiple allelo- 
morphism. 

In the heredity of the headform we find dominance and sometimes 
also recessiveness of brachycephaly. There are also differences for the 
two sexes. | 

We have given two mendelian schemes which can explain the here- 
dity of the headform. The first scheme we have applied to our material. 

The two schemes are based on multiple allelomorphism and poly- 
mery. 

In the first scheme we accept as first allelomorphic pair of factors A 
and B, which increase, respectively decrease the index by a certain 
amount, 1.5 index-units. This pair of factors is polymere; we have 
accepted 19 non-identical pairs of factors. 

The factors A and B are active in large heads, so together with fac- 
tors I, which increase the head-capacity by a certain amount. The fac- 
tor A for brachycephaly is dominant to factor B for dolichocephaly. 

As second pair of allelomorphic factors we distinguish factors C and 
D, which increase, respectively decrease the index by a greater amount, 
2 index-units. It is active in small heads. Properly speaking it is not a 
different pair of factors, the activety is different, in as much as by the 
influence of the small head (ii), the effect on the index is altered and 
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the dominance is reversed. The factor D for dolichocephaly is domi- 
nant to factor C for brachycephaly. 

In the second scheme we accept 3 allelomorphic pairs: A and a, B 
and b, C and c, which are all polymere. Each pair occurs in a different 
number. Together there is an equal number of pairs as for the headsize. 

Each factor has a principal effect on one dimension of head and se- 
condary effects on the two other dimensions, so that the headform is 
altered in different sense and the headsize remains unaltered. 

The factor A, which especially increases the breadth, is dominant to 
a, which especially decreases the breadth, B, which especially increases 
the length, is dominant to b, which especially decreases the length, C 
which especially increases the height, is dominant to c, which especially 
decreases the height. 

Also for the factors of the second scheme a OOAD, effect for larges 
and small heads may be accepted. 

So according to the first scheme there is dominance of brachycepha- 
ly with large heads and dominance of dolichocephaly with small heads. 
The dominance of brachycephaly is stronger in the female and domi- 
nance of dolichocephaly in the male. There are sets of factors that only 
differ in a quantitative sense. 

According to the 2nd scheme macrobrachycephaly (broad) is domi- 
nant to microdolichocephaly (narrow) and macrodolichocephaly (long) 
is dominant to microbrachycephaly (short). WE the 2nd scheme there 
are really different sets of factors. 

The significance of the sex for the heredity of the headform shows 
itself as secondary character of sex and as different dominance of bra- 
chydephaly to dolichocephaly for the male and the female. Perhaps 
there is patrocliny and matrocliny, which phenomenon as non-dis- 
junction may find its explanation. 

In following investigations of families on the headform, also the 
headheight will have to be measured so that we can determine the 3 
indices of the headform and know the headsize. We want especially 
observations of all three dimensions of head. Still more material is also 
wanted, so that we dispose of many families with only adult children 
and that we may calculate from a large number of non-adults of every 
age exact values, that reduce the index of the non-adult in a good ser- 
viceable calculated index of the adult. 
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Tab. a: VARIATION OF THE HEADLENGTHS OF SONS AND DAUGHTERS 
FROM PARENTS OF DIFFERENT CLASSES OF HEADLENGTH. 


No. Parents Sons. Daughters. 
RT Dimensions 
with regard to 
Class. the mean. No. | Mean. | 0. No. | Mean. | 0. 
16 1.2—0.8 23 070 7,19 24 ONZ Ws. 
14 1,2—0.7 30 0632 6.61 
12 0.7—0.5 Sl 0.3055 4,89 SAN 0.38 4.65 
10 0.6—0.5 24 05395 2.6 
8 0.4 Zie 0.6 Dl Sje 0.369 Bes, 
6 0.3 29 0.055 6.22 59 0.075 4,49 
4 OZ 37 02203 4,82 40 0.017 DA 
2 Ost Zijl —0.048 5.34 23 0.004 3,20 
l 0 67 —0.032 505, 64 —0.023 4.31 
5) _—0.1 Er —0.292 Dad 51e) —0.227 Ne) 
5 —0.2 Zi —0.305 4.52 32 —0.206 4.87 
Jl —0.3 28 —0.15 2d 25 —0.12 5.P7 
9 —0.4— —0.5 29 —0.345 6.64 20 —0.135 5.74 
11 —0.4— —0.6 Sil —0.503 6.43 PAL —0.404 5:67 
13 —0.7— —0.9 26 —0.708 7.47 Zia) —0.562 6.28 
15 —0.6— —0.9 28 —0.582 DeeS 
low. —0.3— —0.9 85 —0.507 6.58 
—0.2— —0.9 122 —0.4 6.38 213) —0.448 Dit 
Mediocre. —0.1—0.1 109 —0.204 DZ 120 —0.058 3.97 
—0.2—0.2 183 —0.089 5.48 
high. O2 145 0.306 6.20 994) 0.051 4,92 
0.3—1.2 108 0.401 6.54 935) 0.471 5.63 
total 376 —0.006 6.9 433 0.003 5.84 


1) —0.5— 0.6. 7%) —0.7—-1.2. 9) —0.2—-1.2. %) 0.3—0.2. 5) 0.4—1.2. 
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Tab. b. VARIATION OF THE HEADBREADTHS OF SONS AND DAUGHTERS 
FROM PARENTS OF DIFFERENT CLASSES OF HEADBREATH 


No. Parents Sons. Daughters. 
Being Dimensions 
with regard to 

Class. the mean. No. Mean. | o. | No. | Mean. | 0. 
12 13016 34 0.602 4.05 25 0.468 GEZ 
10 0.5 30 0.394 2.87 34 0.294 4.09 
8 0.4 20 0.405 9.51 24 0.208 5.54 
6 0.3 35 0.286 4,57 40 0.203 3.90 
4 0.2 48 0.037 4.80 41 0.083 SZ 
2 0.1 42 —0.012 4,61 47 0.075 ste 
1 O 99 —0.048 4.27 92 0.026 4,74 
3 —0.1 49 —0.208 4,32 49 0.201 4,60 
5 —0.2 26 —0.395 3.63 34 —0.38 4.62 
7 —0.3 21 —0.324 6.15 27 —0.14 4.61 
9 —0.4 31 —0.193 4,44 36 —0.18 4.38 
11 —0.5— —0.9 87 —0.638 513 31 —0.613 4.03 
low EE) Be 074 Sz 941) | —0.448 | 4.64 
oe) KS —0.363 5.47 1772) —0.475 4,10 
=0,3— —0.1 96 —0.272 4.10 835) —0.308 4.83 
Mediocre.| —0.1—0.1 190 —0.03 4,43 1394) 0.008 4.25 
ON 02 90 0.015 4,62 88 0.089 3.62 
high 0.3—0.5 85 0.34 3.88 1235) 0.264 4,13 
Oleg 167 0.3 4,6 164 0.218 4.33 
total 472 -0.012 {| 5.58 480 —0.033 4,84 


1) —0.3—-0,9. 2) —0.1—-0.9. 3 —0.2—--0.l. f) 00.1. 5 03—1.3. 
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Tab. e. HEADLENGTHS AND HEADBREADTHS OF CHILDREN 0—20 YEARS 


OF AGE. 

Boys. | Girls. | Boys ‚Girls 
fe $ ee if a Et 25 
ge eeen 5 ENEN EEEN ENE 
SlalE es | + ajë le 8) + IEEE EE 

ab) dt O [es dt OQ SN 
5 zele 5 A RIEP EREN 
O [14-1138 IL1.5/1.34 | 25,5 (13.71.34 1T,-H1.345) 24.7 | 53 | 3,8 H 410030 
Oor smi 2 Sno rls27.214: 612622 sel IN Z0E nn 4d an 3:75 ne 
Lft6 1 eZ or nl Sehid. 17e 292015. Grt. 17e ZON TD 20 SRS 2 ZN LNE 
2 1168111511361, 13 130,4 1165211, 14 N13. 11S1 29.5 2500 HelR Zoe ZANDE 
SH IZ Se SE ZN 251 30:81 16.5 tal TS ALL 29.9. 1-22 | WOT LSO RR 
4 17:32 320107 SL 2 NG: Zee EO 09 IFS SND E‚4 fe TSOb Ms 
517.011. 1Oopl 4. 21008 | 31.7 1168/1409 113,4711.08 10305 e OL BELLE ESO LN 
6 [17.711,09 |14.3/1.074| 32. f17.9/1.085|13.9|1.065| 30.8 | 1.6 | 1 1,45 | 0.9 
Zal7.81 O9 LA 41.07 | 32,20 TZ. AN OZ 4e H1-05 ZI ST 1e Leon OSZ 
8 178109 PLA 4IO7Z 1322 IT 73 O6 NS 1057 PSL. lelie ODOORN 
9 117.9/1.08 P14.5/1.06 | 32.4 |17.4|1.055|14.1|1.05 | 31.5 | 1.4 | 0.8 | 0.95 | 0.7 
10 118 (1.07414.611.053| 32.6 117.5/1:05 F14- 111,05 | 31.6 | 113 [OZ IOS SRIRON 
11 118 /1.074f14.611.053) 32.6 |17.6/1.045}14.2/1.042| 31.8 | 1.3 | O:7 "O7 5 BORE 
12 [18.2/1.06 [14.7/1.047| 32.9 [17.71.04 |14.2/1.042| 31.9 | 1.1 | 0.6 | 0.65 | 0.6 
13 j184/1:05 fL4,8/1,04 |933,2 |17.8|1.03 14-3035) 32. Lull 0,9} 0.5 POFS SANS 
14 |18.4f1.05 #14.9/1.033| 33.3 |17.9/1.025|14.411,028| 32.3 | 0.9 | 0.4 | 0.45 [O4 
15 |18.5/1.045f14.9|1:033) 33.4 H18 11-02 I145511:02"| 32.51 078 | 0-4 IPOD RIDES 
16°/18.6/1.04 [15 [1.0261 33.6 118 [1.02 H14.6|1.014| 32.6 | 0.2 | 0.3 || 0.35 | O:2 
17 118.711 0S4IES 11,0261"33: 718 LN KOLAN 40 OTA 32 7E OER VON OZON 
18:18,911023t5: LI lEO2 AES 4 18.1[1.014(14.7/1.007| 32.8 | 0.4 [| 0.2 | 0.25 | 0.1 
19 9 ILO1BHLS.211.0121 34.2 118.21 LOOS TAZ MOO7I "329 A OF | ONION 

20 [19.3/1.002|15.3/1.006| 34.6 |[18.3/1.003|14.8|1 erp 10) O 0.05 | O 

Mim == 19.34 Nr 80 
Mpm == 15.39 Mpf = 14.81 
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dEelors Pii 

jas ua d nd de 

+ 5 EE Index. De os 

Pee sSIZ8 
3.7— sal 19 14 Sd A) 19 
3.2— 2.8{ 18 liel 15e 18 
A EERE WA 11 — 10 | 90 17 
sonen 16 O5 8:51 88:51:16 
Orsel BES gen 140 87 15 
1.225 08 14 6.5 5.5} 85,5|-14 
0.7— O.3| 13 5 — 4 | 84 13 
0.2—-0.2| 12 tion 5 825 12 
—0.3— —0.7| 11 Ameen eel EGT ki 
Oel 0.5— — 0.5} 79.5| 10 
—1.3—-1.7| 9 | 1 —- 2 [78 9 
il 82.2 8e 253.51 76.5 8 
meed Zld meh 75 gi 
12.8—-3.2| 6 |- 5.5—- 6.ol 73.5) 6 
—3.3— 3.7) 5 | 7 —-8 | 72 5 
—-3.8— 4.2) 4 |- 8.5—— 9.5/| 70.5) 4 
—4.3—-4,7|- 3 [10 —-1l | 69 3 
—4,8— —52 2 |=il5- 12.51 67.5} 2 
—5.3—-5.7| 1 [13 —-14 | 66 l 

Tab: #, 


Explanâtion: For the male the average 
values are; [== 19.3 em, B'= [5.3 cm, 
L + B = 34.6 cm; for the female L = 
le-drcm,iB=tt4.8-cm Lt B == 33.1 
cm. We start from these mean values. 
In heads, of which for the male L + B 
= 34,6 cm, resp. for the female — 33.1 
cm, L + Bis represented as o. For lar- 
ge heads we find L, + B, — 34.6 posi- 
tive and for small heads negative. 


BRACHYCEPHALIC x DOLICHOCEPHALIC 


ers ennn ne et anr eren eee ner eneen eee neer ve ve eee en eeen eee 


Index of 


Parents. 


Tables. 


ad NA 


39,40,41,62 
56,47,58,66 
28,30,34,35 


total 
1080 
total 
in 


165 he: 
Ean 
„70 
„JS 


TUNIS 


Sons. | Daughters. 
Brachyc | Dolichoc | Brachyc. | Dolichoc. 
° ° fe) B fe) 2 5 
zi z in zi 8 8 8 z 
18 7 35 5 35 16 32 15 
2D hl 54 Jos 6 16 33 15 
4 8 11 14 14 2A d 8 
11 Je 2 8 id 16 8 16 
1 13 5 13 6 15 1 11 

3 40.51 15.0 | 40.5 18 45.51 3 33.5 
34 40 63 40 62 68 48 50 
19 23 OD 220 2730 21 22 

74 103 130 98 
42 58 57 43 
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Tab. 0. DOEICHOCEPHAELIG X"BRACHYCEPHAEIG 
EVEEDEE EDI EER EE EE EE TEE TEL EEE 


Sons. | Daughters. 
Index of Brachyc. | Dolichoc. | Brachyc. | Dolichoc. 
Tables. K 
P t . . . . . . o 
En BENEN NENESE 
fas en! lap] fas] Erf fand Es! 
5 pe) 8 5 d si fs 8 
madonxtnabr.| 848,14, 16,17, 18 22 7 18 D 29 8 17 7 
in %| 425130 SAS BEZ kd 28 11.5 
mido. Xx mabr. |45,46,47,66,73. 6 9 6 7 6 - 7 7 
mado. X mibr. [50,51,62,68,70. 10 9 8 10 6 8 5 A 
mido.mxemibrl22:23,24,30, 31: 2 5) 1 11 3 8 2 8 
MR 8.5 | 39 4,5 | 48 14,5 | 38 Ee ree 
domabDt total 40 34 d3 61e) 44 28 31 33 
3 ANS 28.5 | 24 290 2002 20.5) 23 24 
Ap total 74 66 12 64 
Ús TERS 53 47 53 47 
Tab. #: BRACHYCEPHALIC'X BRACHYCEPHALIC 
Sons. | Daughters. 
Index of Brachyc. | Dolichoc. || Brachyc. | Dolichoc. 
5 Tables. > 
arents. le) e) e) je, e) e) e) e) 
ö dan sl es sl Ne sl af 
Sal Ds Je AN 
mabr. X mabr.|13,14 14 5 11 2 t 4 11 1 
1% A43 ore 34.5 | 6 | 41 14.5} 41 3:59 
mibraxsmibr. (28,34,35. 3 4, 4 8 5 5 3 6 
mabr. X mibr. [40,62,69. 6) | 8 5 9 le) 2 6 
mibr. Xx mabr. [66 l 5 1 4 l 3 2 
bres br. total 21 25 24 19 26 , 16 15 
DE ins 23.5:1728 27 21.5 35 23 22 20 
es total 46 43 43 31 
„ En A 91.5 48.5 58 42 
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Tab. q. DOLICHOCEPHALIC Xx DOLICHOCEPHALIC. 


ET TT EEE TETE ZR ENE CAR SER 


Sons. | Daughters. 
Index of Brachyc: | Dolichoc. | Brachyc. | Dolichoc. 
Tables. ET OET ENE LPE NRE ECES C 
Parents. © © je) 2 © je) © fe) 
he! Ie len 5) bnl Le] hel Is 
S IS 5 a & KS 8 Ee 
mado X mado [4,16,17,18 5 4 3 Zp 6 dt 5 
mido. X mido. 130,31 2 5 3 7 1 14 5 5) 
mado. X mido |68,69,70. 2) 2 | 6 3 4 Ji Ze 
mido. X mado [47,73. 4 4 6 12 5 5 1 
do. Xx do. total 13 15 7 21 22 Ps) 16 Â) 
ne Eet 25 2 AAW A) 30 21 20 
4 total 28 28 45 31 
As hawGÂ 50 50 59 41 


Tab. 7. THE HEADSIZES, OF THE CHILDREN AND OF THE PARENTS. 


Children. Parents. 


No 
Divergent Divergent 
of tables. NE headsize Nen headsize 
No. OA No. Oe 
1—5 88 95 5.68 20 Di Zet 
6—10 100 110 Dg 18 27 
11—14 101 100 Del 20 39 
15—19 718) 100 12 14 20 
119 362 405 5.89 12 109 8 
2024 43 39 4,77 8 11 
25—28 93 100 9.66 18 32 
2931 66 82 6.54 10 12 
3235 94 118 6.61 16 24 
2035 Ir 296 339 6.03 52 79 8 
1—_35 658 744 5.95 124 188 8 
36—42 85 100 6.19 17 45 13.93 
43—-48 60 85 7.46 10 37 
4952 30 56 9.82 6 17 
53—-59 103 109 5e, 18 50 
60—62 78 104 102 14 38 
63—66 36 47 6.87 8 Ee 
67—71 54 85 8.28 9 Ds 
72—74 45 66 TLD 8  É 


36—74 491 652 6.99 90 257 15.03 
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ADDENDA OF FAMILIES THAT DO. 


DEE Cee eN de Chil- 
(A MA KR Kez Keet OE 
8 een bedden Sp ten bte re Sons 
eo Ra a NS 
Edet Bee heeg Begon keen ken le 
Sn ii 19 174 20020 TB AOB IL DZ LSO NL Zet 
B 16.1 | 14.6 | 15.2 | 14.7 | 17.4 114.85 | 14.2 | 14.3 
Ind | 84.2 [ 84 1e ZOL Zed Z7EON OIO 
CWM iks 22u 1/0 
a B 152147 
Ind ON O2 
OVAA dB, 19 74 Rete Gerl ZZ 7e Z [19 Sabi: 
b B 1651. 146 h114.8 1 LOL 15720152 (SEA 
Ind 84.2 | 84 Pleno eter de ere VAER ON IAS 
5/7, ie 19 17.4 | 18.8 
® B 16.1 [14.6 || 17.4 
Ind 84.2 [84 92.8 
378 Ee 19571-20414 20:50 1Z0ar 9. GITS. 4 
B Bore DD ESE Ul Werf AN B bear nd ke botert 
Ind 1-80:7 1 75.2 8l:4 | 874 li 786 186E4 
918a). 12 200 
B KETAN SRS) 
Ind 81.4 187.1 
378bj LE 19.7 (20.4 | 19.5 | 19.6 [ 20.4 
B WSO ILS SN SON VOERD 
Ind GOM ZO 2060 LOON LO 
378 ie, 205 ZeSe ILS ZOE Orel 
G B 16/arnto datst 50e 1 4/0 408 
Ind 81.4 | 87.1 | 86.5 [78.4 | 86.5 
G/Gan LE 20 18 20 187 IVON LOS el 4 
B W7alen kool LO 2alel DCO O EEA AR LE ANO 
Ind [85.2 | 84 81 85 82.3 [83.2 | 84.5 | 77.6 
GfAhon eik ZOW LS Zen LI 
B LO ZnS a Lon 
Ind en sin) JhalP 0 
379 13 20 18.7 | 19.4 |17.9 
5 B bo 215 omne 
Ind 81 85 1820837 


I) sister of mother 18.8, 15, 79.5. 
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NOT OCCUR IN THE TABLES OF 192ic 
mmm 
mn 


dren 
Ages of sons 
Daughters 
and of daughters 
1 7 | 3 | 4 | le, 

18.7 16.4 
14.6 KS 
77.8 BAD 
ERA 18.8 
14.8 15 
773 ZI 
17.6 17:93 
13.9 13.8 
79 19:2 
17.7 
Lo 
85.8 
14.31) 15.6 
fo 12.5 10m, 10m 
88 80 
18.8 18.4 
14.7 1d adult 
78.4 86.4 

adult 
Zet 6 
14.2 7) 
82.7 

4, 1.75 
170 Ee 18.7 adult 
15 14.9 [5.1 adult 

15587, 83.2 80.9 

18.4 
13.8 11 
75 


1) 2nd measurement, 3 yrs of age 16, 13.9, 87. 
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UE 

Ra 

ZM 

319 15 

d B 
Ind 

379 1e 

e B 
Ind 

380 ik 

a B 
Ind 

380 IE, 

beb 
Ind 

380 ik, 

fe B 
Ind 

380 L 

d B 
Ind 

380 Ee 

G B 
Ind 

380 L 

f B 
Ind 

380 , 

zin À5 
Ind 

380 1 

h B 
Ind 

380 15 

j B 
Ind 


1) rachitis. 


“ADDENDA OF FAMILIES THAT DO 


Grandfather 
father’s side 


20 
Ld 
85.2 


20.2 
15.9 
181 


jbl 
15.4 
132 


ZO 
RSA 
8d 
20.2 
15.9 
LOR 


Grandmother 
father’s side 


_— 
oo 


15.1 


ee) 
EN 


18.7 
14.3 
16.3 


16.8 
14.7 
VA 


1857 
14.3 
76.3 
1827 
14.3 
76.3 


Grandfather 
mother’s side 


20.4 
14.2 
70 


20.4 
14.2 
70 

20.2 
RSP) 
1007 
20.2 
boe 
1847 


20.4 
14.2 
70 


Grandmother 
mother’s side 


Father 


Mother 


18.7 
15.5 
8255 


Bef 
15.5 
820 
187 
14.3 
76.3 
18.7 
14.3 
76.3 


4857 
15.5 
82.5 


15.1 
80.3 
16.8 
14.7 
87.7 
1851 
14.9 
el 
18.7 
14.3 
76.4 


13:86 

86.2 

19.1 | 19.4 
Loke eld 
81:2,107808 
17.3 | 16 
14.7 | 14.3 
84.7 | 89.5 


2) 2nd meas. 0.5 yr later 14.8, 13.2, 88. 


kZed 
14.4 
81.3 
19.4 
15.6 
80.3 


Chil- 


17.3 118.15] 17.6 [13.624 


15E 
80.3 184 


14 [116 
79.5 185 


ENOT OCCUR IN THE TABLES OF 1921c 
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fj dren 
Daughters 
fd 2 3 | 4 | 5 
16.6 
13.6 
81.9 
18.7 19.1 19.1 19.6 18.7 
14.3 14.6 14.1 14.4 1513 
76.4 76.8 74.2 ies 81.8 
17.4 16.73) 
14 13.8 
80.4 82.6 
18.7 18.8 20.2 
14.5 15.1 15.7 
77.8 80.3 78 
15.8 
18% 
85.4 
17.4 17.5 
14.2 13.4 
81.6 76.3 
16.4 
14.2 
86.7 
18 
14.5 
80.5 
17.6 WZ 16.7 16.3 13.6 
14.2 14.1 14.2 14.1 11 
80.7 82.2 84.7 81.2 80.8 
18.5 18.4 17.8 18.3 17.5 
14.9 14.8 14.2 14.2 14.9 
80.8 80.6 79.8 77.6 85.3 


3) 2nd meas. 0.5 yr later 17,14.1, 82.9. 


Ages of sons 


and of daughters 


4.5 
6.5 


adult . 


40, 38, 34, 33, 27 


LOMAN Od, a 
14, 2. 


42, 40, 37 
Jo, 32, 28 


(OMAS ee PL 


